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Why Safety Goggles are a (> )511¢ 150’ 
| i 2.1947 
Worthwhile Investment ) . = 7 
D 
for Management 


Yield of Industrial Bonds : 
Approximately 3% “Vv H | |" af 


SAFETY 


GOGGLES 


that prevent 98% of Eye Accidents 


Yield of Common Stocks IEW, 
4.7% 


Industrial eye accidents average $5.00 per worker per year. Where 
else on an expenditure of $1.50 (average cost of goggles) could you ob- 
tain a “return” of $3.50—or 233% on your investment? Your AO 
Safety Representative has complete details about how an adequate eye 
protection program can Cut your costs. 


American @ Optical 
MPANY Division 


SOUTHBRIDGE, MASSACHUSETTS ¢ BRANCHES IN PRINCIPAL CITIES 


THE TECHNOLOGY REVIEW, November, 1947. Newsstand Edition. Vol. L, No.1. Published monthly from November to July inclusive at 10 Ferry Street, 
Concord, N. H. Publication date: twenty-seventh of the month preceding date of issue. Annual subscription $3.50; Canadian and Foreign subscription $4.00, 
Entered as second-class matter at the Post Office at Concord, N. H., under the Act of March 3, 1879. 
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..- And Every Bit 
as Good as Predicted 


32 ALUNDUM abrasive has made good 

on every one of the Hollywood 
adjectives used to describe it a year ago. 
In plant after plant 32 ALUNDUM grinding 
wheels really are proving sensational — 
really do cut costs by: 


grinding faster 
grinding cooler 
having longer life 
requiring fewer dressings 


32 ALUNDUM abrasive is entirely new — 
made differently by a Norton-invented and 
Norton-patented process. 


Each grain is a single, complete crystal 
— not crushed to size. 


Each grain has many sharp points on 
all sides for faster, cooler cutting. 

Each grain is over 99% pure fused 
alumina for greater resistance to dulling. 


32 ALUNDUM wheels are available in all 
standard sizes. They can cut costs for you 
on cylindrical, centerless, surface, tool and 
internal grinding. 


NORTON COMPANY 
WORCESTER 6, MASS. __. 








Sandee VELLULOSE AGETATE BUTYRATE Ste usions 


HIS general purpose material, under the trade name TENITE II, 

has attained an excellent reputation for appearance and service- 

ability in widely diversified fields. This is not only true in in- 
jection molded and fabricated items but is equally true in Extruded 
Rods, Tubes, and simple and complicated shapes. Colorful, tough, 
easily machined and easily formed to fit specific contours, it is serving 
to complete satisfaction in fields ranging from rods and tubes for toys 
to furniture and refrigerator trim. 
Study the properties of this excellent general purpose material, then 
check with Sandee for confirmation of suitability to your requirements. 
Sandee’s practical know-how in extrusion often helps in altering de- 
signs for improvements in functional utility, appearance, and cost. 


PEPE E£ SE MTA TEV ES 








CONSIDER THESE PROPERTIES OF 
SANDEE 
CELLULOSE ACETATE BUTYRATE 


1. Specific Gravity —1.22 


2. Tensile Strength 
—3000 to 5000 p.s.i. 


3. Impact Resistance 


—Excellent at normal temperatures 
4. Heat distortion— 170° to 185°F. 
5. Rigidity —Good to very good 


6. Dimensional Stability 
—Good to very good 


7. Water Absorption —I1 to 2% 
8. Burning Rate —Slow 
9. Odor —Nil to faint 
10. Color — Unlimited 
11. Finish — Excellent 
12. Machinability —Excellent 
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Engineering Know-How 


Equipment for handling carbon black in bulk 
was a revolutionary innovation when Cabot en- 
gineers first introduced the idea to the rubber 


industry. It seemed impossible. 

But Cabot, taking first things first, developed 
the Spheronicator, which converts finely divided 
carbon black particles into dustless pellets. Next, 
Cabot engineers drew specifications for a special 








hopper car for shipment of carbon black in bulk. 


° . ° STORAGE 
Then, they cooperated with engineers in the rub- Pi BIN 





ber industry during installation of bulk handling 





systems in their factories, with consequent econ- 





omies and improved manufacturing processes. 

This drawing shows the principles used in a 
bulk handling system in a rubber plant. It typi- 
fies, too, the service provided manufacturers using 
Cabot raw materials by Cabot Technical Sales 


and Service, and Cabot engineering. a* ehnee | cama 
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9" SCREW CONVEYOR TRACK HOPPER 





GODFREY L. CABOT, INC. 


77 Franklin Street, Boston 10, Mass. 

















AFTER YOU GET BACK FROM THE SHOW... 
don’t.get off this one train of thought 


Don’t sidetrack all those ideas on new prod- 
ucts, markets and cost-reduction which you 
brought back, red hot, from Chicago — just 
because you lack plant facilities, equipment, 
or hours in the day. 


Take your new ideas — or your bothersome 
old problems—to Taft-Peirce, where you will 
find all these services and products at your 
ready command: 


Engineering, Tooling, Contract Manufactur- 
ing: To your specs or blueprints, the T-P 
Contract Division will tool and produce any- 
thing from a single tool or part to complete 
mechanisms in lots of any quantity. 


Special Gear Cutting & Grinding, Thread 
Milling & Grinding: A new department with 
ample capacity for cut or ground gears and 
threads of all types. 


Standard Machine Tools: The No. 1 Precision 


Surface Grinder and the 6” Rotary Surface 
Grinder for high precision and fine finish on 
small flat work. The New Taft-Peirce Spline 
and Gear Grinder. The Taft-Peirce Back Spot 
Facing Machine. 


Production and Inspection Tools: Sine bars 
and fixtures, squares, surface plates, bench 
centers, angle-measuring equipment, etc. 


Standard & Special Gages: All types of AGD 
Standard plain and thread plug, ring, and snap 
gages. Special designs to specification. The 
new Taft-Peirce CompAIRator air gage. 


Magnetic Chucks: Rectangular, rotary, and 
tilting-base chucks of exclusive T-P SUPER- 
POWER design. Magnetic V-blocks and 
angle plates. 


Write to The Taft-Peirce Mfg. Co., Woon- 
socket, R. I. 


..- for Engineering, Tooling, Contract Manufacturing 


TAKE IT TO TAFT-PEIRCE 








































might have saved a 
LIFETIME 
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K*. KHUFU had only slave-power with which to 


build the greatest of the pyramids. With engine- eet 


power, he might have saved a lifetime and the lives of 


300,000 slaves. 

Today, mightier and much more useful structures 
spring from dream to drawing board to reality in rela- 
tively short spans of time. Modern construction equip- 
ment powered by internal-combustion engines makes 
this possible. For today, the machine is the slave of man. 
Great dams, soaring bridges, towering buildings and broad 
highways are ours without backbreaking toil and wasted 


flesh and blood. 


AMERICAN BOSCH CORPORATION, SPRINGFIELD 7, MASS. 








PARTNERS IN THE 
PROGRESS OF POWER 


American Bosch works closely with and for 
the internal-combustion-engine industry in 
three vital ways: 

ENGINEERING. 1,200,000 man-hours of it 
have been poured into Diesel Fuel Injec- 
tion alone—other millions into Ignition. 
PRODUCTION. Premium performance has 
been a consistent goal in the production of 
hundreds of thousands of Diesel injection 
systems and millions of electrical units. 


MAINTENANCE. The world over, American 
Bosch authorized service stations keep the 
equipment operating efficiently. 


AMERICAN BOSCH 


DIESEL FUEL INJECTION * AUTOMOTIVE AND AVIATION ELECTRICAL PRODUCTS 











High Octane Gasoline Plants, Including Catalytic Cracking, 
Combination Thermal Cracking and Thermal Polymerization Units. 


—an integrated service extending from 
engineering surveys of existing facilities and 
economic studies to the design, construction 
and initial operation of refinery process units 


and chemical manufacturing plants. 
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Chase Brass & Copper Company, Euclid, Ohio 


SPECIALIZED KNOWLEDGE IN DIVERSIFIED FIELDS 


See 1889, 


Stone & Webster En- 
gineering Corporation 
has been engaged in the 
solution of design, en- 
gineering and con- 
struction problems. 
This experience is 
available to companies 
looking toward the 
future. 


Proposed Children’s Medical Center, peaeeennenee Power Plant, Virginia Electric 
Boston, Mass. & Power Company 


CHEMICALS I ATOMIC ENERGY 


Tennessee Valley Authority Ammonia Plant Sioctvonmmmaslla Plant, Oak Ridge, Tennessee 





PROCESSING 
Erath Cycling Plant, Vermilion Parish, Louisiana 


STONE & WEBSTER ENGINEERING CORPORATION 


A SUBSIDIARY OF STONE & WEBSTER INC. 
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@ These Automatic Screw 
and Automatic Cutting-Off 
Machines feature 196 two- 
speed combinations includ- 
ing a wide range of high to 
low speed ratios. Equal cut- 
ting efficiency is obtained on 
all materials from alloy steel 








to plastics, and on the wid- 
est range of work diam- 
eters. Large assortment of 
attachments available. Com- 
plete details and specifica- 
tions on request. Brown & 
Sharpe Mfg. Co., Provi- 
dence 1, R. I., U. S. A. 


BROWN & SHARPE !28 




















and specialties. 








Reg. U. S. Pat. Off. 


Samson Cordage Works 


Boston 10, Mass. 


Manufacturers of braided cords of all kinds, in- 
cluding sash cord, clothes line, trolley cord, 
signal cord, shade cord, Venetian blind cord, 
awning line, etc., also polished cotton twines 


SPOT CORD 


Reg. U. S. Pat. Off. 





Our extra quality sash cord, distinguished at a 
glance by our trade-mark, the colored spots. Es- 
oy well known as the most durable material 
or hanging windows, for which use it has been 
specifie 


century. 


by architects for more than half a 


























THE TABULAR VIEW 





Aviation Progress. — In the future, speed and weight 
of aircraft are not factors which the aeronautical engineer 
alone may determine; rather are they matters which will 
require the wholehearted co-operation of construction 
engineers as well. The reason for this state of affairs, as 
LIEUTENANT COLONEL WILLARD Roper, ’38, enumerates 
(page 24) is that for several years already large aircraft 


‘have taxed terminal ground facilities which can be built 


economically with present construction methods. Thus, 
in the opinion of Colonel Roper, future progress in air 
power must await advances in construction power. As a 
student Colonel Roper was active in extracurricular 
affairs and received his degree from the Institute in 1938. 
Upon completion of his studies in Course XV, he was an 
industrial engineer for the Electrolux Corporation until 
he entered active military service in July, 1941, as an 
officer in the Corps of Engineers. From October, 1942, to 
December, 1945, Colonel Roper held various air engineer- 
ing posts in the Army Air Forces. He accepted a regular 
Army commission in July, 1946, and is now Assistant Air 
Engineer, Headquarters, Army Air Forces, Washington. 


Research for Education. — From time to time, and 
particularly in the past six years, it has been reported 
that the vast program of research in which the Institute 
has necessarily participated, has sometimes caused eye- 
brows to be raised. Fundamentally, of course, M.I.T. is 
an educational institution whose foremost product is 
capable men (and women) thoroughly trained as engineers 
and scientists. Certainly research will play a most im- 
portant role in the professional lives of Technology gradu- 
ates. It should not be too much to expect research to make 
its own unique contribution to their education. The 
Review is pleased to publish (page 29) an address on this 
subject, presented in Minneapolis last summer before the 
American Society for Engineering Education, by JAMEs 
R. Kriu1an, Jr., 26, Vice-president of M.I.T. With un- 
usual competence, Dr. Killian takes advantage of his 
present administrative post and his past achievements as 
editor of The Review in conveying the message that the 
contribution which research may be expected to make in 
advancing higher education is the policy guiding the 
Institute’s acceptance of sponsored research projects. 


Fresh Air for Industry. — Although constituting one 
fifth of the air we breath, oxygen has been limited in its 
industrial applications because of its relative scarcity 
resulting from high price. The many industrial processes 
which can be made considerably more efficient and 
effective through greater utilization of oxygen are about 
to obtain a new lease on life as a result of recent methods 
for producing large quantities of oxygen of high purity at 
low cost. From a technical point of view, some of the 
methods for supplying industry with fresh air have al- 
ready been enumerated in The Review last January by 
Samuel C. Collins. In this issue Eart P. Stevenson, ’19, 
President of Arthur D. Little, Inc. presents (page 32) an 
authoritative discussion of the future role of oxygen in 
industry. After receiving his bachelor of science degree 
from Wesleyan University in 1916, Mr. Stevenson spent 
(Concluded on page 14) 
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A LITTLE DOES A LOT 


According to legend, when the city of Carthage 
was founded, Queen Dido was told that she could 
have only as much land as could be encompassed 
by an ox hide. But the queen made the most of 
her material by cutting it into a single, continuous 
leathern string, with which she circled con- 
siderable acreage. 

Making materials serve to the fullest is just as 


ee 


~ 
3 
od 


~ 


- 
7 shal Be 


important to users of steel today as it was to Dido. 
Except that today no tricks are necessary. 

It can be done in many instances by specifying 
molybdenum steels. Their hardenability, freedom 
from temper brittleness and good strength-weight 
ratio help to simplify design problems and insure 
good performance. It will pay you to investigate 
their practical advantages. 
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MOLYBDIC OXIDE—BRIQUETTED QR CANNED @e FERROMOLYBDENUM @ “CALCIUM MOLYBDATE” 
CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS. 
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You would find it hard to set a requirement on 


. Arnold magnets that is not already exceeded in 
our regular production procedure. 
All Arnold products are made on a basis of 
100% quality-control at every step of manufacture. 
tt, C _ These rigidly maintained standards cover all physi- 
cal, magnetic and metallurgical characteristics. . . 
you can place complete confidence in the uniform- 
ity and dependability of Arnold Permanent Mag- 


wey nets, and their resultant performance in your 


assemblies. 


Remember, too, that Arnold’s service covers 

VACA, MUAGNENTIC all types of permanent magnet materials, any size 
FOE or shape of unit, and any field of application. Our 

engineers are at your command—write us direct 


anit METALLURGICAL or ask any Allegheny Ludlum representative. 
—cetitiiiaianiaieinediaeineeninaiaaae 
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Subsidiary of 
UM STEEL CORPORATION 
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INVESTIGATE! 


Automatic welding is just one of 
many new or improved electrical 
techniques for producing faster, 
cheaper, better. Westinghouse 
engineers can quickly give you 
salient facts on others applicable 
to your industry, including the 
following: 


e Induction Heating (metals) 


e Diélectric Heating (non- 
métals) 


e Infrared Drying 

e Electric Furnace Brazing 

e Resistance Welding 

Write or phone your nearest 
Westinghouse office for details. 


%,- 

















from our own production experience 


When we say automatic welding is 
better, faster, cheaper . . . we can 
prove it right in our own plants. 
Westinghouse not only makes auto- 
matic welding equipment, we're 
also one of its largest users. 

At Buffalo, automatic welding 
permitted our designers to accom- 
plish these outstanding results in 
producing the new LIFE-LINE 
motor: size and weight reduced 35% 
. . . power capability increased 116% 
per pound . . . parts for complete line 
of NEMA motors reduced from 2,600 
to 128 . . . production tripled. 


Westi 


PLANTS IN 25 CITIES... 


ghouse | 


OFFICES EVERYWHERE 


Once a setup is made, automatic 
welding becomes a “pushbutton” 
operation. Even with relatively un- 
skilled labor, every weld is made per- 
fectly. At last, welding approaches 
machine tool accuracy and speed of 
work handling. 

Westinghouse is the first manu- 
facturer to offer complete, “pack- 
aged” automatic welding equipment 
—built, sold and installed as a unit. 
A Westinghouse welding specialist 
is ready now to help you apply this 
improved metal-joining technique 


to your assembly problems. 
J-85002 


MORE PRODUCTIVE POWER FOR INDUSTRY “ 



















STARRETT No. 654 


INSPECTOR'S DIAL 
BENCH GAGE 















HANDIEST GAGE 
IN THE SHOP 


® See it at your tool 
dealers or write for 
new STARRETT Dial 
Indicator Catalog “‘L.” 














Easy to adjust, easy to use, this 
STARRETT Precision Bench Gage works 
full time as a production inspection gage 
for duplicate | or for quick, accurate 
measuring of metal, rubber, textiles, 
paper, leather, veneer, plastics, mica, 
etc. Shown with STARRETT No. 25-8 


Dial Indicator (graduated. .0005”; 
0-25-0) it can be furnished with any 
desired indicator. Adjustable for table 
and indicator height with lateral and 
fine perpendicular adjustment. Range O 
to 3 inches, base diameter 5 inches, 
height 8 inches. 


Buy Through Your Distributor 


THE L. S. STARRETT CO. « ATHOL « MASSACHUSETTS « U. S. A. 
World's Greatest Toolmakers 






























wey ae i at a! 
- af | ~. 

, \ ee ee 

‘ y TS, i la . 
ee ae The Cambridge Recording 

Gas Analyzer continuously analyzes 

and records as many as six constituents of 
a gas. Eliminates intermittent, slow and 
expensive manual gas analysis. Accurate 
... Sensitive... Simple. No moving 
parts; utilizes thermal conductivity 
principle. 

Makes ible substantial savings in 
the operation of kilns, production of inert 
gases, and in metallurgical, petroleum, 
and other chemical processes. Single- and 
Multi-point instruments are available for 
a wide variety of applications. 








Send for literature; 
please mention application 


CAMBRIDGE 
INSTRUMENT COMPANY, INC. 
3707 Grand Central Terminal, New York 17 


Pioneer Manufacturers of 


PRECISION INSTRUMENTS 





THE TABULAR VIEW 


(Concluded from page 10) 








two years as an instructor in chemistry at M.I.T. from 
which he received his master of science degree in 1919, 
During World War I, Mr. Stevenson saw active duty with 
the Chemical Warfare Service, and during the more re- 
cent conflict was chief, Division 11, National Defense 
Research Committee. Mr. Stevenson has been with Ar- 
thur D. Little, Inc. since 1919, and since 1935 has been 
president of this well-known firm of consultants. 


Surface Chemistry. — Writing with the authority of a 
quarter of a century of research in the field, PRoressor 
Ernst A. Hauser reminds Review readers (page 36) 
that the signal successes of this country’s rubber industry 
are dependent upon accurate knowledge of the events 
transpiring in the microcosms of colloids. After receiving 
his doctorate from the University of Vienna in 1921 and 
completing a one-year appointment as assistant to Max 
Born, Dr. Hauser assumed charge of the research labora- 
tory for the Krause Spray Drying Laboratory in Frank- 
fort from 1922 to 1925. He was head of the Colloid Chem- 
ical Laboratories of Metallgesellschaft A. G. from 1925 
to 1932 and in charge of research and development of 
Semperit Austro-American Rubber Works, Ltd. in Vienna 
from 1933 to 1935. Since 1935, when he joined the Depart- 
ment of Chemical Engineering at M.I.T. as a resident 
associate professor, Dr. Hauser has continued his out- 
standing researches in colloidal chemistry and has also 
found time to take part in activities of numerous profes- 
sional societies. 


Leaving the Portals. — In what will be one of the last 
“‘off season”’ commencement exercises resulting from the 
accelerated courses offered during the war, 442 degrees 
were awarded to 439 graduates on September 26. Before 
departing for professional posts in industry or academic 
life, members of the Class of 9-47 were privileged to be 
addressed by Prestipent Compton whose stimulating 
commencement address is recorded on page 38. 





Speed with 
Economy 








R. H. Macy & Co., Ine. 
Warehouse (11 contracts) 


Sound construction, speed, economy 
— have made a large majority of our 
present contracts repeat orders. Some- 
thing to remember when you need a 
new building. 

W. J. BARNEY CORPORATION 
101 PARK AVENUE, NEW YORK 
INDUSTRIAL CONSTRUCTION 
Alfred T. Glassett, '20, Vice President 

















nt of 
ienna 
part- 
ident 

out- 

also 
ofes- 


emic 
o be 
iting 








ip 


foual” 


a 





great highroad of human welfare lies along the old highway of steadfast well-doing” 


SAMUEL SMILES 






Why some homes get better all the time 


Homes, like human beings, need stout “constitutions”. . . 


which depend, in turn, on building products used. And 
these are getting better all the time. 


In building or remodeling today, you can choose weather- 
defiant paint . . . warm-hued and lasting plastic tiles for 
kitchens and bathrooms . . . hardware and window screens 
of stainless steel or any-purpose plastics. 

Yours, too, are heating installations with leakproof 
welded piping and streamlined plumbing. To say nothing 
of resin-glued plywood, good for decades as sheathing, sub- 
flooring, doors and complete interior and exterior walls. 

These are a few of today’s countless building products 
that give better service because into them go better basic 
materials, 


Producing better materials for the use of science and 


industry and the benefit of mankind is the work of the 
people of UNION CARBIDE. 

It takes basic knowledge and relentless research. Tremen- 
dous pressures and extreme vacuums. Heat up to 6000° 
and cold down to 300° below zero, Fahrenheit. Working 
with these—and working together—the various Units of 
UCC now separate or combine nearly one-half of the many 
elements of the earth. 


FREE: You are invited to send for the illustrated booklet, “Products 
and Processes,” which describes the ways in which industry uses 
UCC’s Alloys, Chemicals, Carbons, Gases, and Plastics. 


Union CaRBIDE 
AND CARBON CORPORATION 


30 EAST 42ND STREET UCC) NEW YORK 17, N. Y¥. 


Products of Divisions and Units include 
LinpDE OxYGEN «+ PresT-O-Lire ACETYLENE * PyrRoFAX GAS * BAKELITE, KRENE, VINYON, AND VINYLITE PLASTICS 
NATIONAL CARBONS * EVEREADY FLASHLIGHTS AND BATTERIES * ACHESON ELECTRODES 
PRESTONE AND TREK ANTI-FREEZES * ELECTROMET ALLOYS AND METALS + HAYNES STELLITE ALLOYS + SYNTHETIC ORGANIC CHEMICALS 














CONTINOUS ae 


ee" SONVEWT EXTRACTION 


The Kennedy Extraction Division of Vulcan offers complete 
Solvent Extraction Plants for the economical and efficient 
recovery of oils, fats and waxes from a variety of vegetable 
and animal materials. 

The Kennedy Continuous Extractor of stainless steel con- 
struction is unique in its ability to handle high oil content 
materials and finely ground products containing excessive 
“fines. Materials containing as high as 55%, oil are readily 
extracted to less than 1% in a single, continuous operation. 
This “one step" method of extraction eliminates the costly 
“fore-pressing operation. The Kennedy Extractor is also adapt- 
able to many leaching and washing processes. 

Complete pilot plant facilities are available for the com- 
prehensive study of special extraction problems. In conjunction 
with pilot plant operation, the Vulcan laboratories, adequately 
staffed by chemical engineers and chemists of long experience, ; 
are at your service for analytical work. Vulcan design engineers Con | ) 
carefully convert pilot plant data to commercial scale design. plete | I] O7 p = 

Vulcan has the organization to design, fabricate, erect, ; AY k: <7. 
and initially operate complete plants to successfully overcome ATi lies 
all extraction problems. ; 


DISTILL 
EVAPOR 
EXTRACTI 
KENNEDY EXTRACTION DIVISIO 


THE VULCAN COPPER AND.SUPPLY CO. - CINCINNATI, OHIO 


ATI 
ATI PROCESSES 
and EQUIPMENT 
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Heatine A PIECE OF METAL 

BY OPEN FLAME, BLOW-TORCH 

OR FURNACE IS RELATIVELY sLow— | 
APT TO LEAVE SCALE...ITS HARD TO 

HEAT ONE SPECIFIC AREA WITHOUT HEATING THE WHOLE PIECE. 


\y 








RODUCTION MEN REALIZED HEAT-TREATING OPERATIONS 
SUCH AS FORGING, PRECISION BRAZING AND SURFACE 
HARDENING COULD BE STEPPED WAY UP IF A FASTER 
METHOD OF HEATING COULD BE FOUND... ONE WHICH 
WOULD CONCENTRATE THE HEAT AT PRE-SELECTED AREAS! 


6 Hear BY INDUCTION seEMED 
LIKE THE ANSWER. SCIENCE HAD ALREADY 
DISCOVERED THAT METALS HEAT RAPIDLY 
WHEN INTRODUCED INTO A HIGH FREQUENCY, 
HIGH DENSITY MAGNETIC FIELD! 





CYCLE CURRENT THEN STEPS IT UP TO 450,000 CYCLES. 
A MAGNETIC FIELD OF HIGH DENSITY IS SET UP IN WORK 
COIL AND WHEN METAL IS INTRODUCED INTO THIS FIELD, 
PASSAGE OF CURRENT CAUSES POWER LOSSES WHICH PRO- 
DUCE HEAT WITHIN THE METAL WITH INCREDIBLE SWIFTNESS. 





Ae yh Bic BENEFITS: COMPLETE, SELECTIVE CONTROL 
Roe OF HEAT PENETRATION... EXACT UNIFORMITY. .. 
PUSH BUTTON, GREATLY INCREASED PRODUCTION! 





\ 
GC METAL IS HOT IN SPLIT SECONDS 





ALLIS-CHALMERS MANUFACTURING CO, MILWAUKEE 1, Wis. 





ELECTRONIC HEATER 13 ONE MORE EXAMPLE OF HOW 
ALLIS-CHALMERS RESEARCH AND EXPERIENCE GO TO WORK 
FINDING BETTER, FASTER, MORE. EFFICIENT WAYS OF HANDLING 
PRODUCTION PROBLEMS —ANOTHER GOOD REASON WHY A-C EQUIP- 
MENT {S IN DEMAND IN EVERY MAJOR INDUSTRY... 














ONE OF THE 816 3 1WN ELECTRIC POWER EQU/PMENT 








ALLIS © CHALMERS , 


BIGGEST OF ALL IN RANGE OF INOUSTRIAL PRODUCTS 
DETROIT PUBLIC LIBRARY 











Here’s the new kind of tire 


that astonished auto engineers! 


New Super-Cushion by 


Goodyear is first to absorb 
lateral shock satisfactorily 


Here’s what hard-boiled automotive 
engineers said when they had tested 
this completely new kind of tire: 


‘““Let’s get that tire on our cars as 
soon as possible!”’ 


Why? Because here for the first 
time was a tire that did what no tire 
had ever done before! It satisfac- 
torily absorbed lateral (crosswise) 
shocks—one of the few things that 
still had to be engineered out of the 
modern motor car. It gave an un- 
believably smoother ride—not only 
on rough roads but even on good ones. 


Bigger and softer than the conven- 
tional tire, the Super-Cushion builds 
up less pressure. This means it does 








Till Goodyear produced Super-Cushions, 
lateral or crosswise shock had never 
been satisfactorily absorbed. Pillow-like 
Super-Cushions soak up lateral shocks, 
giving an unbelievably smoother ride. 


The new SYN) 











The speed with which leading car makers 
accepted this new kind of tire indicates 
definitely that it is the tire of the future. 


OE 





Auto engineers call it the first tire in 15 
years to make a positive contribution to 
driving comfort and safety. 





not lose its better riding qualities on 
a long run. 

The engineers found that this big- 
ger tire rolls with the punch! It’s a 
safer tire! It yields instead of re- 
sisting impacts. There’s less chance 
of cutting, bruising, or breaking. 

And because it’s a softer tire with 
stop notches molded across the tread, 
you get better traction—and notice 
it when you step on the brakes or gas. 

Super-Cushions make a small car 
feel like a big one. You seem to float 
in and out of traffic. And they make 
any car safer and easier to handle, 
especially on turns. 

Mileage? In millions of test miles, 
Super-Cushions consistently averaged 
more mileage than the best standard 
tires! 
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Call on your Goodyear dealer to- 
day and find out how you can enjoy 
the advantages of Goodyear Super- 
Cushions on your car! 
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Pattern in Marble 


Photography captures the texture and reflects the character of an architect's drawing in this 
photograph of a colonnade exhibited last summer in the Technology Photographic Salon. 
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The Trend of Affairs 


Crafts, Henry Smith Pritchett, Arthur Amos Noyes, 
Richard Cockburn Maclaurin, Elihu Thomson, Ernest 


Volume 50 


ETROSPECTION appears to be called for in in- 
augurating Volume 50 of The Technology Review. 
Ordinarily the simple imprint “Vol. 50” would 


serve to mark the golden an- 
niversary of a publication and 
proclaim to its readers that a 
new half-century era was be- 
ing ushered in. It is not until 
January 1, 1949, however, 
that The Review is entitled to 
celebrate the beginning of its 
fifth decade as a journal of 
science and engineering, ed- 
ited at the Massachusetts In- 
stitute of Technology and 
serving M.1.T. Alumni. Vol- 
ume 50 occurs earlier than 
The Review’s half-century 
mark not only because the 
school year does not coincide 
with the calendar year, but 
also because changes in cer- 
tain publication policies were 
required in Volume 25 when 
The Technology Review grew 
from a quarterly to a monthly 
periodical. 

Earlier volumes record the 
progress of M.I.T. from “the 
Tech on Boylston Street”’ to 
the present overcrowded insti- 
tution on the Charles River. 
Treated with alternate con- 
cern and pride are the prob- 
lems and achievements of suc- 
cessive administrations under 
presidents James Mason 





The Technology Review 


Vou. I. JANUARY, 1899 No. t 


ANNOUNCEMENT 


To a community groaning under an ever increasing 
weight of periodical literature, a new magazine is forced to 
present itself in an attitude of apology. Like those college 
men with whom its interests are to be most closely bound, 
Tue TechNnoLtocy Review must make plain its purposes, 
its capacity, its determination to be useful, before it can ex- 
pect to receive recognition from a public too busy to be 
indulgent. Realizing this, and mindful, too, of the spirit 
and traditions of the Massachusetts Institute of Technology, 
Tue Review neither throws itself upon the charity of its 
friends nor prays them to be blind to its shortcomings. 
Doubtless it will need indulgence, doubtless its attainment 
will fall much below its aspiration ; but if it does not so far 
succeed in its attempt as to gain support through feelings 
other than those of simple friendliness, the existence of 
Tue Review cannot be too quickly ended. 

Few appreciate how vast and complicated the interests of 
the Massachusetts Institute of Technology have become. 
With students, past and present, in every State, and in 
almost every part of the world, occupied in all manner of 
work and every civic duty ; with studies of great range and 
courses of wide divergence ; with always new and ever more 
complex problems of education crying for solution, the 
Institute obviously stands in need of a clearing-house of 
information and thought, to increase its power, to minimize 
waste, to ensure among its countless friends the most per- 
fect cooperation, 
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Fox Nichols, Samuel Wesley Stratton, and Karl Taylor 
Compton. For 49 volumes The Review has rejoiced in the 
successes of its illustrious Alumni and sorrowfully re- 


corded the passing of some. 

The advancement of engi- 
neering education also looms 
large in past issues. In fact, 
one of the earliest articles was 
entitled **Methods of Teach- 
ing Engineering.” Those with 
a nostalgic temperament will 
undoubtedly delight in the 
knowledge that the author of 
this thought-provoking arti- 
cle was C. Frank Allen, ’72, 
who enjoyed celebrating his 
75th anniversary as an 
M.1.T. alumnus on June 14 
last. 

When The Review first 
made its bow to a small group 
of readers there was already a 
community “groaning under 
an ever increasing weight of 
periodical literature” as the 
reproduced announcement re- 
minds us. Now, as then, “The 
Review neither throws itself 
upon the charity of its friends 
nor prays them to be blind to 
its shortcomings.”” Now, even 
more than ever, “the Insti- 
tute obviously stands in need 
of a clearing-house of infor- 
mation and thought, to in- 
crease its power, to minimize 
waste, to ensure among its 
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countless friends the most perfect co-operation.” We take 
pride in reaffirming: “Such a clearing-house The Tech- 
nology Review purposes to be.” 


Replenishing the Intellectual Flesh 


IME for reflection and for the development of a more 

rounded personality on the part of those engaged in 
scientific research was given new impetus by Charles A. 
Thomas, ’24, in an address made this summer before the 
Industrial Research Institute, Inc. The highly specialized 
character of much of modern research has tended to de- 
partmentalize thinking of the individual into narrow, 
restricted fields, with consequent oversight or neglect of 
the significance of his work and its effect on the world’s 
people. World War II has not only emphasized specializa- 
tion in research but has added other detrimental effects 
which Dr. Thomas feels must be combated. 

Physical destruction and moral disruption have 
brought about a serious decline in the field of science in 
European nations. The United States can no longer look 
to other nations, as it did in the past, for fundamentally 
new scientific knowledge — for the spark of an idea which 
American genius can blow, tender, and fan into a great 
fire. The originality and creativeness of American research 
must be stimulated to new heights if the gap created by 
the European decline is to be bridged. 

The businesslike, highly specialized laboratory is an 
industrial necessity, but it does not appear to have pro- 
vided that environment for bringing into being the basic 
scientific conceptions. There may have been so much 
formalizing and organizing of the laboratories as to bring 
about an overemphasis on equipment and facilities and an 
underemphasis of the men who are, after all, the creators. 
It is the men who make the laboratories, and not the 
other way around. 

Many industrial scientists are depending on what might 
be termed their “intellectual fat,” for under the stress of 
modern industrial living, they have no time to replenish 
their intellectual flesh. Nor does it seem that this criti- 
cism is directed specifically and alone to industrial 
scientists, at least for the present. 

As one means of counteracting this deficiency of our 
industrial way of life, Dr. Thomas proposes that the more 
progressive key men in modern laboratories organize their 
programs and distribute their responsibilities to subordi- 
nates so that, at least for a period of a few weeks every 
year, they could absent themselves from their regular 
duties for personal development and exploration of 
stored-up ideas. Such time would be spent as the men 
wish — in libraries, in other laboratories, or in the com- 
parative quiet and seclusion of the country. Such time 
should be reserved for their personal intellectual develop- 
ment in much the same way that the usual two weeks’ 
vacation is customarily set aside for physical relaxation 
and development; it would be a period during which the 
accumulation of unworked but promising ideas might be 
investigated, fertilized, cultivated; from which, possibly, 
some beneficial results might be reaped. It would be a 
period for which the research worker would read the 
literature in his own and related fields; it should also be 
one for investigating foreign fields, so that these men may 
derive stimulation from the thinking which is being done 
in spheres with which they normally have little contact. 
In short, Dr. Thomas proposes for the research worker in 





industry a “sabbatical leave of absence” which was once 
not unknown in the academic field for just such purposes, 
but which, unfortunately, seems to have lost much of its 
vogue under the pressure of recent events. 


Kudos for Teaching 


OFESSORS A. A. Knowlton and Clifford N. Wall 
have received honors of more than ordinary signifi- 
cance: for their outstanding undergraduate teaching of 
physics, respectively, at Reed College, Portland, Ore., 
and North Central College, Naperville, Ill. Bronze 
plaques and honoraria were presented to them last month 
on behalf of the Research Corporation of New York City 
by its president, Dr. Joseph W. Barker, ’16. 

Research Corporation awards for research were cus- 
tomary before the war. Such new international figures as 
Dr. Vannevar Bush, ’16, and Professors Ernest O. Law- 
rence, of the University of California, and Percy W. 
Bridgman, of Harvard, received them. Two such awards 
for 1947 are to be presented this month for wartime ac- 
complishments to Dr. Lee A. DuBridge, now president 
of the California Institute of Technology, and Dr. Merle 
A. Tuve, of the Carnegie Institution of Washington. The 
former, it will be recalled, was director of the Radiation 
Laboratory at M.I.T., and Dr. Tuve’s recognition comes 
for his work at the Applied Physics Laboratory of the 
Office of Scientific Research and Development at Johns 
Hopkins University. 

The special awards to Professors Wall and Knowlton, 
the former of whom is now on the faculty of the Univer- 
sity of Minnesota, derived from studies made by Dr. 
M. H. Trytten for the National Research Council on the 
education of doctors of philosophy in the physical sci- 
ences. Two small institutions stood out for producing 
students who, after taking their bachelor of science de- 
grees in physics, went on to compete successfully for the 
doctorate in that field; and further investigation at those 
institutions pointed to Professors Knowlton and Wall as 
the responsible inspiring teachers. 

These two awards for teaching are notable, however, 
not merely because teaching accomplishment in the field 
of science — or, for that matter, in other fields — is 
marked less frequently by medals than is research ac- 
complishment internationally or nationally. Instead, the 
awards direct attention upon the simple fact that research 
accomplishment depends primarily upon educating men 
to make it. Unlike the prewar days, no longer can we 
depend, for much of our technological advance, upon the 
fundamental scientific researches made in Europe. The 
memories of the recent years, when the instruction of 
students in scientific fields had to give way, possibly 
rightly, to military necessity, are too fresh to require 
elaboration here. 

Large research laboratories are now in great favor by 
government, industry, and the universities. We talk of a 
National Science Foundation and $80,000,000 a year for 
the support of research by government, in addition to the 
sums already spent for research by government and other 
agencies. Where are the really qualified scientists coming 
from to man these laboratories in the future? Obviously, 
they are to be developed as a result of the earnest efforts 
of teachers like Professors Knowlton and Wall, encour- 
aged by understanding givers of kudos such as the 
Research Corporation. 
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Atomic Power for. Industry 


Dpegorgs vary as to the time when engineers can 
put into practical application, in the building of 
plants for the production of atomic power for industrial 
use, the knowledge painstakingly being gained by physi- 
cists. No less authority than David E. Lilienthal, chair- 
man of the United States Atomic Energy Commission, 
has made the statement that the industrial exploitation 
of atomic energy could not be expected in the near future. 
Nevertheless, the problem continues to receive every 
possible consideration, as it has by competent scientists 
long before the public became aware of the importance 
of atomic power. 

Indicative of the widespread importance of this project, 
and of this country’s desire to advance as rapidly as pos- 
sible the industrial potentialities of atomic power, is the 
recent appointment by Mr. Lilienthal of a group of seven 
outstanding industrial leaders to serve as a board of con- 
sultants for the Atomic Energy Commission. Charged 
with the responsibility to speed up the industrial oppor- 
tunities in the field of atomic power, the new board of 
consultants includes the names of Donald F. Carpenter, 
"22, Vice-president of the Remington Arms Company, 
and Robert E. Wilson, ’16, chairman of the board of 
Standard Oil Company of Indiana. The board is to serve 
as a means of contact between the Atomic Energy Com- 
mission and creative thinkers in this country and, indeed, 
throughout the world. Emphasis is to be placed on the 
full use and development of the initiative and inventive 
genius of private enterprise. 


Ideal By-Product 


ASTE materials from food processing may be either 

a liability or an asset to the processor. Food wastes 
are liabilities when they are discarded; haulage for dump- 
ing is costly, and direct discharge into the local sewerage 
may be forbidden or may be permitted only at the price 
of monetary penalties. Such restrictions are necessary 
because industrial wastes are much more concentrated 
than is domestic sewage, and correspondingly overtax 
municipal sewage disposal facilities. For example, on the 
basis of biochemical oxygen demand, suspended solids, 
and nitrogen content, 139 food-manufacturing plants 
located in the sanitary district of Chicago discharge 
wastes equivalent to the sewage resulting from more than 
1,800,000 people — a population nearly half as large as 


that served by the sanitary district. 


But the wastes of food processing become assets when 
they are treated (usually dried) so that their nutritive or 
other values are salvageable. Unfortunately, however, 
equipment for by-product processing is costly, and ob- 
viously returns from the sale of by-products must support 
this investment. A single plant may not produce enough 
of the by-product to justify waste-processing equipment. 
In this situation the waste material may be collected, as 
by means of tank trucks, for processing at a central point. 
Examples of this procedure are the collection of whey, 
from scattered cheese factories, for drying, and the col- 
lection of yeast, from small breweries, for debittering and 
drying. 

Industries, such as those of fruit and vegetable process- 
ing, that operate only a short time each year, have diffi- 
culty justifying investment in by-product processing 
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equipment, because such equipment is idle during the 
large proportion of each year when these plants are closed. 

The background information just outlined shows why 
one recently developed by-product — tassels from the 
growing of hybrid seed corn — may be characterized as 
“the ideal by-product.” Dried corn tassels are valuable 
not only as an adjunct to poultry feeds, wherein they 
serve as a source of protein and vitamins, but also because 
they may be processed in equipment always found on 
seed-growing farms, and otherwise idle at the time when 
tassels become available. 

Hybrid corn is designed to take advantage of the 
genetic characteristic known as “hybrid vigor”; it is the 
first generation cross of two inbred strains. To produce 
the seed, two rows of plants that serve as male parents are 
planted alternately with six rows of plants that function 
as female parents. Cross-pollinating is done by hand; to 
prevent self-pollination the tassels must be removed from 
the female functioning plants before pollen begins to shed. 
Production of hybrid corn seed in the United States is so 
extensive that approximately 50,000 tons of tassels, dry 
basis, are available annually. 

To produce a nonputrescible, marketable product, corn 
tassels must be dried. But seed corn also is dried before 
distribution, and the seed driers available on all seed- 
growing farms are idle during the detasseling period. 
These driers are entirely suitable for tassel drying. Ex- 
tensive analyses of corn tassels by one of the Federal 
Government regional research laboratories have shown 
that tassels have even higher protein content than has 
whole grain corn, and are rich in vitamins of the B com- 
plex and in carotene (the precursor of vitamin A). Fur- 
thermore, these studies showed that the tassels have 
higher nutritive value at normal detasseling time than 
earlier or later. Thus, corn tassels, dried and sold for use 
in poultry feeds, have become an asset instead of a lia- 
bility to seed-corn growers, and are in fact an ideal by- 
product. 


Techni-Topics 


COMPARATIVELY recent origin is a projection 
cathode-ray tube for demonstrating before groups of 
persons the intricate traces of electric phenomena seen on 
the fluorescent screen at the end of the oscilloscope tube. 
Such a projection tube has considerable potential applica- 
tion in the classroom where electrical phenomena can be 
seen simultaneously by scores of persons instead of per- 
haps half a dozen as is true with direct-viewing tubes. 
The educational possibilities of the tube are easily 
demonstrated by combining the image from it with that 
of a set of orthogonal axes from an auxiliary projector. 
The two simultaneously projected images provide a 
means for representing time varying phenomena in three 
dimensions. By means of special signal voltages, applied 
to the deflecting plates of the cathode-ray tube and com- 
bined with the usual scanning signals to displace the 
electron beam, an illusion of traveling waves in three 
dimensions may be clearly depicted. No doubt considera- 
ble development work still remains before the underlying 
principles can be applied generally to the three-dimen- 
sional representation of electromagnetic radiation, me- 
chanical stresses and strains, and other space phenomena 
which are difficult to visualize. Nevertheless, the possi- 
bilities of such a system for (Concluded on page 64) 





Progress 


N the pioneer days of flying, when airplanes were little 
I more than powered kites, the selection and develop- 
ment of airfields were simple problems and exercised 
little influence on the newborn technology of flight. For 
the Wright brothers’ first successful venture, the sandy 
beach at Kitty Hawk was eminently satisfactory and 
construction effort was limited to the removal, by hand, 
of some minor debris which, otherwise, might have inter- 
fered with the landing gear of the plane. 


Balance of Power, World War I 


Even with the advent of the military use of airplanes in 
World War I, the development of areas from which to fly 
remained a relatively minor factor in the application of 
air effort. Airfields were developed merely by improving 
flat well-drained sites by hand labor at a relatively small 
expenditure of man-hours, materials, and other construc- 
tion means. Similarly, during World War I, practically all 
road construction and repairs were accomplished with 
hand tools. However, in the years just preceding World 
War II, the enormous strides made by the automobile 
industry in the design and mass production of trucks in 
unprecedented numbers, created a situation wherein mo- 
tor ‘transport became out of balance with the development 
of road-construction machinery. Under traffic of hitherto 
unheard of weight and intensity, roads repeatedly became 
bottlenecks over which long, congested columns of troops, 
transport, and impedimenta crawled and bogged down 
while engineer troops toiled and sweat to quarry, hand 
place, and hand spread sufficient rock. It is significant, 
therefore, that mobility was lost to the armed forces and 
a static war of attrition on a fixed front resulted. 


Expanding Construction Power 
The period between World War I and World War II 
was marked by rapid technological advances in many 
fields. Within the construction industry there ensued a 
tremendous impetus in the design and manufacture of 
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Drawing from Fairchild Atrcrafi 


in Air Power Related to 


construction machinery, which arose primarily from the 
public need for high-speed, all-weather highways to sup- 
port the growing volume of motor vehicle traffic. This 
construction machinery, created primarily to build our 
national road net, greatly facilitated the construction of 
levees, dams, waterways, power installations, and flood 
control works, the cost of which, on a broad scale, had 
been prohibitive in the past. By the development, during 
this period, of the bulldozer, the Diesel-powered shovel, 
motor patrol, and similar equipment, the cost of such 
construction was reduced to from one-third to one-fourth 
of its cost prior to World War I. 

This advance in the design of earth-moving machinery 
had another application in making feasible the construc- 
tion of commercial airports which were required to sup- 
port the expanding aircraft industry. Because they appre- 
ciated the capacity of the construction industry to create 
strong and durable pavements, aeronautical engineers 
were able to proceed with the design of increasingly heavy 
aircraft, knowing that runways would be made available 
to support them. Yet, between the two World Wars, only 
the most visionary engineers could have foreseen the far- 
reaching effect which the commercial development of 
construction equipment would have on the ascendancy 
of air power during the conflict to begin during 1939. 

At least a few persons real- 
ized the extent to which air 
power depended on construc- 
tion power. In a book written 
about the Air Force just prior 
to World War II,* General 
Henry H. Arnold, the wartime 
commander of the Army Air 
Forces, and General Ira C, 
Eaker, pointed out that air 

* Winged Warfare (New York: Har- 


per and Brothers, 1941), $3.00, See 
Chapter 3. 


That aeronautical engi- 
neering is already influ- 
enced by problems in 
the construction of air- 
fields, rather than by 
aerodynamic factors 
alone, is indicated by 
the experimental Fair- 
child Packet, C-82 
(above) whose track- 
type landing gear is de- 
signed to distribute the 
load of the heavy plane 
on the ground, 
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Construction Power e e e+ By Wittarp Roper 


power depended on three major factors: (1) a high type of 
personnel; (2) the airplane as a weapon; and (3) air bases 
from which to fly. As the concept of air power grew during 
the years immediately preceding World War II, it be- 
came increasingly evident that air bases would be needed 
in vast numbers; air bases which could be constructed 
rapidly and yet be large and heavy enough to support the 
heaviest airplanes then contemplated and with facilities 
to provide for repair, refueling, and bomb loading, as well 
as for the housing of the crews required to fly and to 
service the aircraft. 

Thus it was that in 1940, at about the same time that 
President Roosevelt called for manufacture of 50,000 
military aircraft annually, the Air Force organized the 
2ist Engineer Aviation Regiment at Langley Field, Va., 
to serve as the pilot model for many similar air-base 
construction units to follow. The organization of the regi- 
ment was based on concepts developed by the Chief of En- 
gineers, United States Army, for the application of com- 
mercial construction equipment to military usage. Al- 
though the equipment then selected was considered by 
military leaders to be extremely heavy for military use, 
it developed later that even heavier types were needed. 
As a consequence, for example, R-4 and D-7 tractors 
gave way to D-8’s; three-eighths-yard shovels were 

replaced by three-quarters- 


ee ee and one and a half-yard; one 





turns to base, aviation 
engineers roll the 
asphalt in preparation 
for the arrival of a fleet 
of B-29’s (above). The 
degree to which future 
progress in aeronautics 
depends on advances in 
construction engineer- 
ing was amply demon- 
strated by large bomb- 
er operations during 
World War Il. 


and a half ton dump trucks 
gave way to four-ton trucks 
and 12-yard tourna-trailers. 
These changes in equipment 
evolved during the war years 
as airplanes increased in size 
from that of the B-18 through 
the B-17 and B-24 to the B-29, 
and gross weights rose from 
less than 35,000 pounds to 
more than 130,000 pounds. 


During World War II, construction power, applied to 
the construction of air bases by more than 100 aviation 
engineer battalions all over the globe, exerted a marked 
influence on the attainment of final victory by making it 
possible to bring the full weight of our air power to bear 
against the enemy rapidly and effectively, when and 
where it was needed most. A somewhat less evident effect 
of this construction power was that it made possible, 
indirectly, the development of very heavy bombers by 
eliminating the limitation normally imposed by the 
strength of runway pavements. 


Balance of Power, World War II 


Conversely, one of the principal reasons for the failure 
of the Japanese to develop heavy bombers, was their lack 
of construction machinery to create, rapidly, the runways 
necessary for the support of heavy aircraft loads. It is 
interesting to note that among the messages sent by 
General MacArthur to the Japanese authorities, after 
initial armistice terms had been dictated, was a directive 
for the Japanese to provide 10 motorized road graders at 
Atsugi airdrome coincident with the arrival of initial air- 
borne elements of our occupational forces. The Japanese 
respectfully replied that it was impossible for them to 
comply with this particular order as there were known to 
be in operation only three such graders in the entire Japa- 
nese Empire and these were not of the self-propelled type. 
Even the Germans, with their technica! skill, lacked the 
heavy military construction forces necessary to support 
a modern air force, and the lack of sufficient heavy air 
bases, when and’where needed, was an important factor 
in the defeat of the Luftwaffe. 

Air-base construction power during World War II 
manifested its support of United States forces in several 
different ways. First, it permitted the development, 
within amazingly brief periods of time, of vast numbers 
of fighter and transport airfields in support of fast-moving, 
tactical situations. During the campaign which began 
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with D Day in Normandy and ended with V-E Day in 
Berlin, the Aviation Engineers of the Ninth Engineer 
Command put into operation on the continent of Europe 
a total of 250 air bases — an average of one every 36 
hours. This network of air bases permitted rapid forward 
deployment of tactical air power in support of the ground 
armies and, when used additionally for supply and evacu- 
ation, made possible such spectacular mechanized ad- 
vances as that of General Patton’s Third Army. 

A second type of construction operation which contrib- 
uted greatly to the advancement of air power was demon- 
strated in Burma where air-borne aviation engineers 
landed behind Japanese lines and there developed air 
bases which advanced the combat lines by hundreds of 
miles without recourse to long, arduous, and costly jungle 
campaigns. This same type of operation was utilized to 
advance our forces along the north coast of New Guinea 
and through the islands of the Central and South Pacific, 
except that movement of the construction forces was 
accomplished by sea instead of by air. The by-passing of 
large Japanese garrisons would never have been feasible, 
had it not been for our ability to construct highly de- 
veloped air bases rapidly at the point of amphibious 
landing. 

The third, and in many ways the most impressive, 
type of construction undertaking was the development of 
massive air bases for the support of B-29 operations 


CONTRAST IN... 


Hundreds of pow- 
ered shovels were 
transported to 
island bases dur- 
ing the war for 
use in the con- 
struction of air 
bases. Ranging in 
size from one-half 
cubic yard to two 
cubic yards, such 
shovels were larger 
than construction 
equipment previ- 
ously used. 


Photo by Army Atr Forces 

against the Japanese homeland. Because of its size and 
weight, the B-29 demanded unprecedented efforts in air- 
field construction. Its wheel load was 67,500 pounds to 
the Liberator’s 33,900; its gross weight, 135,000 pounds 
to the Liberator’s 67,800. It required a runway 200 feet 
wide and 8,500 feet long — an area almost twice as great 
as the 150 by 6,000-foot strips used by Liberators. Other 
base facilities were in the same proportion. At Saipan, 
for example, the final stage of development called for 
two parallel runways with 150-foot shoulders; six miles 
of taxiways 60 feet wide; two 300 by 1,950-foot service 
aprons (each as large in area as many fighter strips used 
in the early days of the war); 180 hardstands, 140 feet in 
diameter, and 390,000 square feet of warm-up aprons. 
For this construction about 30,000,000 square feet of 
land was cleared and graded and, of this area, about 
10,000,000 square feet was paved. In addition, gasoline 
storage for 188,000 barrels of aviation gasoline was 
required; also required were ammunition storage for 
20,000 tons of bombs and all facilities to accommodate 
the 16,000 individuals who made up the ground and 
air crews. Despite the vast size of this project, some 
idea of which may be obtained from the statistical 
data in Table I (page 28), the base was made ready for 
the arrival of B-29’s, through the efforts of four engineer 
aviation battalions, within 114 days after the assault 
landing. 
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.. CONSTRUCTION 


In Chine, where 
manual work re- 
places mechani- 
zation, construc- 
tion is slow and 
costly. The tops 
of conical towers 
of earth indicate 
the original sur- 
face of the ground, 
and were used as 
a yardstick to 
compute the 
amount of mate- 
rial excavated. 


The achievements of American construction power are 
high-lighted by comparing this project at Saipan with 
another project which was nearing completion at about 
the same time in China. There, under American super- 
vision, a staging field was built by Chinese labor for the 
refueling of India-based B-29’s en route to Japanese 
targets. Without any modern equipment, a construction 
force was organized to include 60,000 workers hauling 
baskets of gravel a distance of eight miles; 35,000 more 
workers crushing stone with hand hammers, and another 
5,000 workers pushing wheelbarrows. As many as 200,000 
baskets were brought into use at one time, slung on carry- 
ing sticks which were bent almost double as the men, 
and women, worked 12-hour shifts. Even at the prevailing 
wage rate of $0.11 per day, construction of air bases by 
these methods was expensive and exasperatingly slow. 


Future Trends and Limitations 


The kind of construction power which gave the Army 
Air Forces mobility and striking power during World 
War II was applied in behalf of the ground Armies and 
the Navy with equal effectiveness. Roads, bridges, rail- 
roads, ports, depots, and repair facilities were constructed 
rapidly in support of our forces in all parts of the world 
and gave to the Army and Navy flexibility, speed, and 
power which were impossible of attainment during World 








Ofictal Photo U.S.A.A.F. 


War I. The unbalanced condition of the earlier conflict 
had given way to one wherein construction capabilities 
were equal to the task of supporting mobile forces. 
Future trends in requirements for construction support 
of air power can be predicted only with limited accuracy. 
However, it appears that a point may be reached where 
air power will be threatened by a new limiting factor, 
namely, the ability of the civil engineer to support, on the 
ground, the heaviest aircraft which the aeronautical en- 
gineer can support in the air. When airplanes are designed 
that cannot be supported by runway pavements without 
enormous outlays of money, man power, materials and 
machinery — and especially time — then the design of 
airplanes and the design of airdromes will be out of 
balance. If a solution is not found, the future mobility 
and flexibility of air power itself will then be threatened. 
The development of the B-36, with a gross weight of 
300,000 pounds, has given rise to many difficult construc- 
tion problems; yet even heavier aircraft are in the offing. 
Aircraft manufacturers believe that the man-hours per 
pound required to construct an airplane, and the cost 
per ton-mile to haul pay load, are still on the downward 
trend with aircraft weighing up to 800,000 pounds. 
From the results of recent pavement tests, it is es- 
timated that reinforced concrete pavement, 20 inches 
thick, will be required to support B-36-type operations. 





TABLE I. AIR-BASE CONSTRUCTION AT SAIPAN 


Over-all Construction Data Covering Total Work of Engineer 
Aviation Battalions, Saipan 


June 26, 1944 — February 1, 1945 


Eartu Movine: Grand Total. ..... 4,433,315 cu. yds. 
By carryall scrapers and bulldozers 1,387,817 cu. yds. 
ea ae 675,785 cu. yds. 
By dump trucks (earth)........ 186,882 cu. yds. 
By dump trucks (base coral).... 2,102,831 cu. yds. 
By dump trucks — Fons. 80,000 cu. yds. 

Coral surfaced areas........ .. $,866,680 sq. yds. 

PPE BUC soos beck ee bcs 11,000,000 sq. ft. 

Building construction (floor space). 1,053,774 sq. ft. 

Bulk aviation gasoline (storage ca- 


NT a5 adn ba ord a. 4 Eee 7,919,000 gals. 
Pipe line, aviation gasoline. ...... . 62,083 ft. 
Asphalt produced................ 127,332 tons 


Portland Cement poured. ......... 4,142 cu. yds. 
Oil or cutback asphalt laid (as dust 

PR ae Sr <) Oe a tae 
Aggregate produced. ... : a 
Coral quarried (other than from run- 


Ways). . 


379,648 gals. 
31,273 cu. yds. 


2,326,970 cu. yds.* 


Explosives used. ; ils + 0 vieeea ts 861,000 lbs. 
Mogas fuel consumed............ 1,721,439 gals. 
Diesel fuel consumed............. 1,349,828 gals. 


* Difference between this figure and total coral hauled was furnished 
individual units for their own construction. 


TABLE II. COMPARATIVE COST OF CONCRETE FOR 
HEAVY BOMBER AIRFIELDS 


Type of Square Yards of Barrels Cost to Put Con- 

Aireraft Conerete Required of Cement crete in Place 
B-24 233,300 87,486 $ 691,000 
B-29 515,846 257,922 2,217,000 
B-36 933,100 466,549 5,759,000 


Cost figures are for concrete to build one runway, taxi way, apron, and 
hardstands, and do not include costs of any housing, bomb storage, sewage 
disposal, water and gas storage, hangars, or other facilities which, for a 
B-29 wing field, are comparable in size to a city of 16,000 population. 


TABLE IIT. CONCRETE REQUIREMENTS FOR A 
B-36 AIRFIELD 


40-Ton Rail- 


Four-Ton 





Tons road Carloads Truckloads 

Cement bic d seas wd bt 93,309 2,332 23,327 
IN i. sta. seie ARO RTS A 186,619 4,665 46,654 
Aggregate Pye ret eee 373,239 9,330 93,309 
5 ee eer eee 653,167 16,329 163,291 


With 45 four-ton trucks per battalion, each hauling 10 loads per day, it 
would require 362 days or one year to move the concrete alone on a one- 
runway B-36 airfield. 


Furthermore, partially stabilized runway shoulders will 
no longer suffice since, if a heavy bomber of the B-36 type 
rolls off the pavement, even when taxiing, serious damage 
is very likely to result. Table II gives some indication of 
the relative cost of building a single runway air base for 
B-36, B-29, and B-24 aircraft, although only costs per- 
taining to concrete are shown, and costs pertaining to 
grading, base course, and other airdrome facilities have 
been excluded. It is apparent that the cost of pavement 








only, for a B-36 field, is approximately nine times the cost 
of a similar B-24 installation and two and a half times 
that for a B-29. From a military standpoint, however, 
even more important are the logistical difficulties which 
would be encountered in construction of such a base in 
time of war. From Table II, which shows the weight of 
materials involved for concrete pavement only, it may be 
seen that 20 Victory ships would be required to move the 
cement alone in constructing a single runway for B-36's, 
Therefore, the practicability of effecting rapid construc- 
tion of B-36 air bases by current methods in time of war is 
at least open to question. 

It is certain that a solution to these problems must, 
and will be, found. We may wish and hope that very 
heavy bomber bases could be restricted to the United 
States. Still, the natural tendency to push air bases as 
far forward as possible, in order to be within fighter- 
escort range or to drop more bombs more frequently, 
would be experienced in any future conflict, just as it was 
manifested during World War II. In solving our present 
difficulties, however, a situation is encountered which is 
quite different from that which existed after World War I. 
This important difference is the lack of a nationwide 
economic impetus for developing heavier construction 
machinery and methods to produce surfaces for high- 
speed traffic loads, such as is imposed by the B-36. 


Track-Type Landing Gear 


One solution appears to lie in the development of land- 
ing gear which will provide greater load distribution and 
hence permit operations from less highly developed sur- 
faces. Multiple wheel landing gear, that is, twin, twin- 
tandem, and spaced-tandem arrangements, afford some 
measure of relief but add additional weight to the aircraft 
and are subject to limitations imposed by tire design. 
Tire inflation pressures up to 170 pounds per square inch 
are now used in some of the newer aircraft and possibly 
these may be raised to 300 pounds per square inch. The 
effect of such inflation pressures, however, wiil be to 
cause extremely heavy damage to all but the highest 
type of pavement surfaces. 

Recently the caterpillar type track, commonly used on 
tractors, tanks, and half trucks, has been adapted, experi- 
mentally, for use on aircraft. A continuous, smooth, outer- 
surfaced belt, rolling on, and supported by, suitably spaced 
bogies assembled into a landing gear already has been used 
successfully on an A-20 light bomber and is being tested on 
a C-82 Fairchild Packet. With this gear, test runs have 
shown the feasibility of landing, taxiing on, and taking off 
from ground which would bog down any standard gear. 
Utilization of this type gear would greatly simplify the 
problem of effecting air-borne landings in hostile territory 
and, if applied to the very heavy aircraft of the future, 
would reduce air-base construction requirements enor- 
mously. 

In the initial stages of development, it appeared prob- 
able that the flexibility of the belt of the track landing 
gear between bogies would make the gear inoperative on 
hard surfaces; a condition which might well have revo- 
lutionized pavement design. That is, an airplane so 
equipped was able to land on a soft field, but could not 
land safely on a hard one. Recent design changes indicate 
this limitation probably can be removed, thus permitting 
airplanes with track-type gear to operate from existing 
hard-surfaced runways. However, (Concluded on page 58) 
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Research for Education 


Advancement of M.I.T.’s Educational Objective Is Primary Factor 
Governing Acceptance and Priority of Sponsored Research 


By James R. KiLuian, Jr. 


ECALLED by all is the “long hairs vs. hairy ears” 
R argument that followed World War II, and the 
repeated assertion that men trained in science, 
especially in physics, proved to be more effective at 
applied research than did the engineers. No doubt this 
assertion, if analyzed, can be shown to be a half-truth. 
Nevertheless, the half-truth that remains should force 
and is forcing a re-examination of some of our methods 
and procedures in engineering education, and of our use 
of research as a method of teaching. 

The scientists ascribe their success in handling applied 
research during the war to several factors: The first is 
that they had advanced training and most of them held 
doctor’s degrees. The second is that they had a funda- 
mental training in science that was both broad and deep, 
with the result that they were able to bring to bear upon 
practical problems a wide range of scientific learning and 
a flexible method of thinking. The third is that the 
training which they had received and the environment in 
which they had worked promoted creative thinking of a 
quite untrammeled kind. They were not normally con- 
cerned by any practical or economic limitations and they 
were instinctively inclined to dream and speculate, with a 
bold indifference to limitations. Such unusually favorable 
conditions for research have seldom occurred before. 

Now this kind of training and this point of view are not 
a monopoly of the scientist, and there are fields of en- 
gineering which have embraced them for many years. The 
fact remains that engineering, while retaining its capacity 
to work under practical limitations, must at the same 
time adopt more of the analytical tools of pure science 
and its willingness to question standard practice. The 
feeling is widespread in many institutions that research 
must be used throughout our engineering training to 
attract men of imaginative minds and to train engineers 
who have the temerity and capacity to dream and 
speculate beyond the boundaries of the immediately 
practical. 

The engineering departments at M.I.T. have long 
been wedded to the principle that research and the 
research atmosphere are essential to the training of both 
undergraduates and postgraduates and that a balanced 
staff must involve creative competence as well as teaching 
competence. No doubt this tendency to deepen engineer- 
ing education through stressing fundamental research is 
one of the most important changes now in process. 
While engineers must always maintain their firm hold 
on the economic and applied aspects of their art, they 
can enormously benefit by promoting within their ranks 
an increasing number of scholars with the courage to 
ignore conventional conceptions and with a comprehen- 
sive understanding of physical laws and analytical 


methods. 


(29) 


The Institute’s concept of what constitutes effective 
research in an engineering department is subject to 
another consideration. The scientist generally undertakes 
to investigate a phenomenon or to seek a principle or to 
collect data bearing on a hypothesis. Sometimes he may 
be interested in working on some component of a system, 
but rarely is he interested in a system. Engineers, of 
course, do this kind of research, too, but frequently they 
do another kind that results in some instrument or 
machine or process or an entire system. In the current 
jargon, the scientist is not interested in producing 
“hardware”; the engineer frequently is. Is there a real 
danger that too much emphasis on hardware may reduce 
the effectiveness of engineering research in an educational 
institution ? 


The Problem of Hardware 


We have been trying to clarify our own thinking as to 
when hardware, or the design of some entire engineering 
system, does provide a justifiable research objective. We 
have concluded that if the hardware involves some new 
art and there is a great demand for men adequately 
trained in this art, then this kind of research can be vital. 
The field of control (including servomechanisms), may 
be cited as an example of an engineering art that is still 
under intensive development. Research in this field 
not only must look toward the production of an instru- 
ment as the end result but must comprehend an entire 
system, since the assembly and balance of the system is 
one of the essential research problems. There is a great 
need for men who are trained in the art of developing 
dynamic control systems, and consequently any labo- 
ratory activity must deal with the over-all system. 

This emphasis on system research in the control field 
justifies another type of research which might commonly 
be out of place in an engineering institution, that is 
research which involves the production of equipment. In 
control, and a few other fields, because of the importance 
of the systems aspect, the production of equipment 
involves a new art and a research technique which is 
essential in training men in the field at an advanced 
level. There is no way for these men to become effec- 
tively trained other than to work on a project which 
involves the production of control units. More im- 
portantly a systems project or the engineering of a piece 
of equipment can be an extraordinarily effective educa- 
tional vehicle by requiring a synthesis of all that the 
student has learned. 

At M.I.T. we believe that research or hardware or 
systems should meet these tests of educational validity. 
With these exceptions in mind, we believe that engineer- 
ing research in an educational environment can be most 
effective when it is handled on a component, or unit, 
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Using the Van de Graaff electrostatic generator developing poten- 
tials of several million volts, studies of x-rays in various fields, 
and of the atomic nuclei, are representative of research projects 
at M.I.T. conducted primarily to advance knowledge. Shown 
here is the interior of one of the huge spherical terminals of the 
Van de Graaff generator with control panel in the background. 


basis and when it is concerned with principles and a 
fundamental search for knowledge rather than produc- 
tion of hardware. 


The Organization of Academic Research 


Another problem that has required much attention is 
the management and organization of research, especially 
that kind of research which is carried on by large groups 
of investigators. The war demonstrated the effectiveness 
of research teams, and the Institute is now experimenting 
to determine how effective group research can be within 
an academic organization. In this experiment, we are 
certain that research teams should never displace the 
brilliant individualist who works alone, but we want to 
find out how the two approaches supplement each other. 

One of the devices employed at M.L.T. to handle group 
research — and to stimulate individual work — is the 
“‘center of research” of which several are in operation. 
These are interdepartmental organizations which co- 
ordinate the ‘co-operative activities of various depart- 
ments in important fields of overlapping interest. While 
we call them centers of research because research is their 
predominant role, they are nevertheless playing a very 
important part in our educational program, especially by 
providing superior opportunities for senior and graduate 
student thesis work. 

These centers of research appear to be a highly satis- 
factory answer to a problem which has long confronted 
educational institutions, namely, that of handling those 
interests which reach outside the traditional depart- 
mental boundary lines and require the co-operation of the 
specialists from several disciplines. Certain institutions 
have tried to meet this problem by setting up special 
institutes. Others have set up new departments. It is the 
feeling at M.I.T. that both of these solutions seem to be 
lacking in two desiderata: namely, the mobilizing of the 





interested personnel of the various departments into a 
co-operative whole while still recognizing each depart- 
ment’s special interest in the various aspects of the 
program, and, most importantly, the full co-ordination of 
the research with the educational program. 

Centers of research have been established in about 
half a dozen fields, but the first and the most highly 
developed of such programs is in the Research Laboratory 
of Electronics, which is operated jointly by the Depart- 
ment of Physics and the Department of Electrical 
Engineering. Some 65 graduate students are now doing 
their theses in this laboratory. It has a highly productive 
program of research that is managed by professors from 
the two collaborating departments and it maintains a 
concentration of equipment which is available to the 
staffs of the two departments. 

We believe that this laboratory is serving as a pilot 
plant for a new type of internal collaboration among 
departments having the fundamental scientific point of 
view and departments having the applied point of view. 
Through such mechanisms as this we hope to effect a 
fruitful cross-fertilization and thus minimize the dif- 
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ferences which distinguish the engineer and the scientist. 
Joint laboratories of this kind also provide a means 
whereby the educational staff can cope with large-scale 
sponsored research. These laboratories provide a staff of 
administrative officers and services which free the educa- 
tional staff from routine work, thus permitting them to 
concentrate on their educational and research activities. 


Contract Research — Its Values 
and Limitations 


Coming now to some of the special problems of spon- 
sored, or contract, research, there are several guiding 
principles which have been laid down at M.1.T. and 
this article describes some inherent difficulties. 

The first of these guiding principles is that the primary 
purposes of an educational institution are to educate 
men and women and to increase knowledge, not to 
compete with industry in industrial research or produc- 
tion for profit or to undertake activities which are the 
special responsibility of governmental agencies. Two 
factors may justify a secondary activity in the realms 
of these industrial or governmental interests: One is 
the importance of case material in any effective pro- 
fessional education. The other is the responsibility of 
an educational institution to render public service when 
it can do so without impairing its primary functions and 
when its personnel, facilities, or experience especially 
qualifies it to perform a needed service which cannot 
be performed adequately or in time by some other agency. 

Our second guiding principle is that sponsored research 
should be closely related to the normal program and 
recognized objectives of the institution. It should involve 
only work which can be carried out with enthusiasm by 
the staff and it specifically should not be work which the 
staff would undertake with reluctance and which would 
be unrelated to their educational and professional pro- 
grams. A member of the Institute’s staff is never “as- 
signed” to contract research. 

The third guiding principle is that imposition of 
restrictions on publication of research results, either for 
secrecy or patent reasons, can become incompatible with 
the basic concept of an educational institution as a 
source and distributor of knowledge. Research contracts 
involving such restrictions, especially long-term or 
permanent restrictions, should be undertaken only for 
exceptional or emergency reasons. No arrangement is 
permitted which could inhibit free and effective work by 
the institution in any scholarly field. No project is nor- 
mally accepted unless it is open to qualified students. 

Our fourth guiding principle is that the compensation 
and privilezes available to the academic staff, including 
graduate students who are members of the staff, must 
never suffer in comparison with the emoluments available 
to staff engaged solely for contract research. This policy 
is of the greatest importance, since funds available for 
contract research frequently are less restricted than 
funds available for the regular academic program, and 
there is a consequent temptation to pay higher salaries 
to the personnel working on these projects. 

The Institute has carried out this policy of protecting 
the academic staff by distinguishing sharply between the 
academic staff, with its educational function, and the 
nonacademic staff employed specifically for contract 
research. The academic staff has important privileges, 
such as tenure, membership in the pension association, 
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opportunity for graduate study, time for outside con- 
sulting, and extended vacations. None of these privileges 
is available to the nonacademic staff. 

The compensation for nonacademic staff, however, is 
usually somewhat higher than are salaries of comparable 
academic appointees. In securing staff for research proj- 
ects, we have had to meet industrial competition in 
recruiting, and their status with us is quite comparable to 
what it would be in industry. 

The same general policy applies to graduate students 
who have part-time staff positions. The nonacademic 
staff member who wants to take graduate work is limited 
to one subject per term and he may not present a thesis 
based upon sponsored research work for which he has 
received compensation at a higher rate than that avail- 
able to the academic appointee. In contrast, the regular 
graduate student who also has an academic appointment 
as teaching fellow or research assistant receives a lower 
rate of pay but has full graduate student privileges, 
including the opportunity to work on sponsored research 
and use this work for thesis credit, provided of course it 
has been approved and properly supervised. 

Maintenance of these two rates of compensation 
requires some dexterous tightrope walking, but we have 
demonstrated, at least to our own satisfaction, that it 
can be done. In practice, the Division of Industrial 
Coéperation, which manages the Institute’s sponsored 
research, gives preference to the academic staff when it is 
recruiting personnel for a contract project, but if the 
project cannot be staffed from our academic group, 
appointments from outside the Institute are made in 
accordance with the policy outlined above. Even though 
the salary scale may be somewhat lower for the academic 
staff, the academic appointment with the privileges it 
carries remains a more desirable appointment. 

Related to this general policy is our limitation on 
supplementary compensation to academic staff members 
who work on contract research. Here we follow the policy 
that teaching and other normal academic duties must 
not be made less attractive than working on contract 
research. We share fully in the following recommenda- 
tions of the Committee on Academic Tenure, Professional 
Service and Responsibility of the Engineering College 
Administrative Council: 

“Tf equity demands that supplementary compensation 
should be paid for extra work within an institution, the 
amount of such additional compensation should not be 
so high that it tends to reduce the importance of the 
staff member’s regular work and salary, and to place a 
value on contract research or nonacademic assignment 
that is high in relation to the value placed on the usual 
academic duties. 

“Care must likewise be exercised to avoid compensa- 
tion inequities within an institution which result when 
some staff members, whose field of work may attract 
outside research, receive large supplementary salary 
payments while other staff members, in fields of less 
immediate application, but possessing equal or greater 
scholarship and professional standing, receive from the 
institution only their regular salaries. No plan of supple- 
mentary compensation should put teaching in an inferior 
position or tend to divert staff members from their 
obligations to their students.” 

In practice, staff members working on sponsored re- 
search have enough time released (Concluded on page 60) 





Oxygen for Industry 


New Processes Making Possible 
Large Production, High Purity, Low Cost, 
Pave Way for Increased Industrial Uses for Oxygen 


By Eart P. STEVENSON 


XYGEN is not only the most abundant and the 
O most vital of all elements, but historically its 
identification and simple reactions mark the birth 
of modern chemistry. The industrial separation of pure 
oxygen from the air in the early years of the Twentieth 
Century was a milestone in chemical engineering and 
provided a most valuable tool for the metal-working 
industries. World War II witnessed a renaissance in the 
study of methods of producing oxygen which promises 
to broaden its use in customary applications by reducing 
the cost of oxygen and, perhaps even more important, to 
permit for the first time its large-scale use as a valuable 
processing chemical. 

The need for developing methods of oxygen production 
specifically suited for the needs of war became apparent 
during the defense period. On the day of Pearl Harbor 
an ad hoe reviewing committee of the Office of Scientific 
Research and Development, appointed by Dr. Vannevar 
Bush, ’16, was formulating its final recommendations for 
a greatly expanded program of developing specialized 
methods of oxygen generation. The uses envisioned for 
this oxygen included: (1) submarine propulsion; (2) 
breathing of airplane crews at high altitude; (3) airplane 
“bursts of power”; (4) emergency welding and cutting 
on shipboard; (5) submarine air conditioning; (6) various 
medical uses in the field; (7) repair and maintenance of 
equipment in the field; and (8) secondary fuel for rocket 
propulsion. 

Diverse though these needs were, they had in common 
the requirement that the oxygen-generating equipment be 
lighter in weight and simpler in operation than the 
plants then used industrially. In the course of the 
development program, these requirements were met. The 
wartime advances have consisted in modifications of the 
classical method of producing oxygen, which involves 
liquefying air and then separating its oxygen by distilla- 
tion. The specific new developments '. * *. 4,5 have al- 
ready been adequately described from a technical point 
of view and will be only mentioned here. In brief, they 
include the low-pressure cycle, based on use of reversing 
heat exchangers, and improvements in the efficiency of 
expansion engines. 

The reversing heat exchanger consists essentially of 
three concentric tubes. Through the center tube the out- 

1 Lobo, W. E., and Skaperdas, G. T., “Air Purification in the Re- 
versing Exchanger,” Chemical Engineering Progress, February, 1947. 

? Rushton, J. Henry, and Stevenson, Earl P., “Developments in 
Oxygen Production,” Chemical Engineering Progress, February, 1947. 

3 Swearingen, Judson §., “Turbo-Expanders,” Chemical Engineering 
Progress, February, 1947. 

4 “Oxygen — Past, Present and Prospects,” Chemical Engineering, 
January, 1947, pp. 123-131. 

5 Collins, S. C., “Reversing Exchangers Purify Air for Oxygen Manu- 
facture,” Chemical Engineering, December, 1946, pp. 106-107. 
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going pure gaseous oxygen flows continuously. Through 
the two annular channels compressed air and waste 
nitrogen (at atmospheric pressure) flow alternately. An 
important feature of the reversing heat exchanger is that, 
in addition to cooling the incoming air, it purifies the 
air by freezing out the air’s minor condensable fractions, 
chiefly water and carbon dioxide, along with traces of 
hydrocarbons derived from lubricants used in the system. 
These impurities are deposited, as the air cools, on the 
walls of the channel through which the air flows. After a 
few minutes of such deposition, the air is switched to 
another channel and large volumes of nitrogen are sent 
through the first channel, where the nitrogen evaporates 
the impurities and carries them out to the atmosphere, 
thus preventing plugging of the channel with impurities. 
The conventional method of purification has been by 
chemical means, in separate equipment. 

The effectiveness of the reversing heat exchanger in 
transferring heat from the incoming compressed air to the 
cold outgoing oxygen and nitrogen, in combination with 
other advances, is such that the air can be liquefied 
after compression to only about 75 to 100 pounds per 
square inch. The possibility of operating at this low 
pressure greatly simplifies operation and permits the use 
of less costly equipment. 

To achieve its liquefaction, cold compressed air may be 
expanded either through a valve or through an engine, 
by means of which the expanding gas can do work on 
some mechanism outside the liquefier. Both methods have 
been used. In the course of the oxygen program, sponsored 
by the Office of Scientific Research and Development, 
design features were developed which permitted efficien- 
cies as high as 85 per cent for small reciprocating engines 
and similar improvements were made in turbo-expanders, 
adaptable to large liquefiers. The efficiency of the expan- 
sion engine largely determines the cost of refrigeration 
and is particularly significant when dealing with large- 
tonnage industrial uses of oxygen, where cost is the 
first consideration. 


Established Industrial Uses of Oxygen 


During World War II there was, according to United 
States census reports, an increase approaching threefold 
in the industrial use of oxygen; from 4,500,000,000 cubic 
feet in 1939 to 11,000,000,000 cubic feet in 1946. These 
figures are for high purity oxygen — 99.5 per cent. In 
1946 production was distributed among 228 plants 
operating in 37 states. According to recently published 
estimates * by The Linde Air Products Company the use 
of oxygen at the present time is distributed in accord- 
ance with the data given in the table on the following 
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Transportation of oxygen from point of production to 
point of use has always been a serious problem of the 
industry, and undoubtedly a deterrent to wider applica- 
tion. In the early 1930’s shipment was entirely in stand- 
ard steel cylinders of two sizes holding respectively 
110 and 220 cubic feet of gas at 2,000 pounds pressure. 
Thus, two-way shipment of more than seven pounds of 
container was necessary for every pound of gas trans- 
ported in one direction. With increasing use of large 
quantities by individual users, as in the steel industry, 
two other methods of transportation came into use in the 
late 1930’s. One method employed 30,000-pound truck 
trailers carrying multiple high-pressure vessels, holding 
about 3,000 pounds of gas. The other involved shipment 
of liquid oxygen at substantially atmospheric pressure. 
Special insulated tank cars carry 62,000 pounds of liquid, 
equivalent to 750,000 cubic feet of gas at normal tem- 
peratures and pressures. Gas loss through evaporation 
and venting during shipment is surprisingly small. The 
liquid is vaporized in autoclaves at the consuming point 
to deliver gas to high-pressure storage at 2,000 pounds 
per square inch. In some cases oxygen-producing plants 
have been built adjacent to those of large consumers, and 
delivery is by pipe line. It follows that the cost of oxygen 
to the customer will vary widely. According to recent 
survey data this variation is between $3.00 to $20.00 per 
1,000 cubic feet, or $65.00 to $450.00 per ton. 

In the future, some consumers using oxygen for pur- 
poses now well established may side-step the transporta- 
tion problem by operating their own small oxygen plants, 
producing between 1,000 and 2,000 cubic feet of oxygen 
per hour. A low-pressure cycle employing reversing 
exchangers possesses a number of advantages for 
small-scale operation. For example, the units can be 
made largely automatic, requiring no attention from 
operators except during periods of starting up, shutting 
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Republic Steel Corporation 
Slab scarfing: a typical industrial operation which may be ex- 
pected to benefit from new processes of producing low-cost oxygen 
for industrial uses. 


down, and maintenance. These units can be made quite 
flexible in meeting the fluctuations in demand for oxygen 
in metal-working shops. They are also considered less 
hazardous. 

Consumer-operated plants can be expected to compete 
increasingly with companies long established for the 
distribution of oxygen, although the long-term results 
will probably be evolutionary rather than revolutionary 
in character. With increasing labor costs and advances 
in the art of using oxygen for multitudinous metal- 
working operations, it seems more than probable that 
the market now well served by the extensive distributing 
facilities of the established industry will not be too 
adversely affected for a long time. The extent of com- 
petition from relatively small captive or consumer- 
operated plants will depend in large measure upon the 
ability of the engineer to design plants that are largely 
automatic in operation and flexible in production,:-and 
which involve no maintenance problems beyond the 
skills ordinarily found in manufacturing plants. 

Contrary to statements that have appeared recently in 
the technical and popular press, the quality of oxygen 
is not the issue in choosing between purchased and 
consumer-produced oxygen. It is true that low-pressure 
plants of the type used in Germany cannot produce 
oxygen of the highest purity, but this is not true of the 
type developed in this country during the war. There is, 
incidentally, a question as to whether many of the uses 
now served by the high-quality product could not use 
oxygen of lower quality — down at least to 98.5 per cent. 
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This may prove to be a rather important question in the 
case of consumer-operated plants, as there is a substantial 
increase in production capacity in low-pressure units 
with decreasing quality. In the case of one such unit, 
the capacity was increased by 25 per cent on dropping 
from 99.6 to 98.7 per cent.°® 


Prospective Tonnage Uses for Oxygen 


With World War II came the necessity of meeting some 
unique problems and calling upon the participation of 
individuals and companies who had no previous associa- 
tion with oxygen production. The result has been some 
new ideas and the education of a number of engineers 
in this specialized field. General engineering concerns 
that service the process industries are now in position to 
design and construct large industrial units. This new 
familiarity with oxygea production, combined with the 
wartime technical advances, has brought closer to reality 
many tonnage uses of oxygen which were only specula- 
tions in the prewar era. Although these proposed new 
uses will draw on the same technical advances as will 
small consumer-operated plants, the industrial repercus- 
sions will be quite different, for, with only isolated 
exceptions, oxygen has never before been used on the 
scale and for the purposes now considered. 

In recent months oxygen has been much in the news. A 
good deal has been written, some quite speculatively, 
about certain new large-tonnage uses for oxygen which 
are now just beginning to emerge from the experimental 
or development stage. These include: (1) the use of 
oxygen to produce carbon monoxide-hydrogen mixtures 
from either natural gas or coal for use in the synthesis of 
hydrocarbons and oxygenated chemicals; (2) the use of 
oxygen in the open hearth to speed up the melting of 
scrap and reduce the over-all time of the melt, with 
increased production; (3) the use of oxygen for enriching 
air used in the iron blast furnace; and (4) the uses of 
oxygen in gas-generating systems. 


Manufacture of Synthetic Gasoline 


The manufacture of synthetic gasoline is rapidly 
nearing commercial application in this country. The 
method derived from the German Fischer-Tropsch 
process and variously designated as the Synthol process, 
the Synthine process, and the Hydrocol process, has 
been described extensively in recent periodicals.’ Syn- 
thetic gasoline produced by this process did not play a 
large part in the German oil technology during World 
War II. As engineered by the Germans, the unit costs 
were high and the products inferior to the gasolines 
available from hydrogenation of coal, on which Germany 
largely relied for its high-octane gasoline. Research and 
development work on this type of process in this country 
since 1988 has resulted in tremendous improvements in 
technology, greatly increasing the efficiency, reducing 
investment costs over German commercial applications, 
improving the quality of the hydrocarbon products, 
and producing substantial volumes of a large variety of 
oxygenated chemicals. An engineering feature introduced 
in this country is the application of the so-called fluidized 


* Lobo, W. E., ‘“‘Oxygen by Fractionation at Low Pressures,” Chemi- 
cal Industries, July, 1946. 

7 Roberts, George Jr., and Phinney, J. A., “‘ Manufacture of Synthetic 
Gasoline Nearing Commercial Application in U. S.,” Oil and Gas Jour- 
nal, March 15, 1947. 


technique, wherein a bed of finely divided solid catalyst 
is maintained in a turbulent state. The two plants now 
projected in this country, which are at the engineering 
stage, will employ oxygen rather than steam for con- 
verting methane, under conditions of partial combustion, 
to a gas having the desired percentage composition of 
carbon monoxide and hydrogen according to the equa- 
tion: 8CH, + 40, — 8CO + 16Hb. 


Steel Making: Use in Open Hearth 


By the use of oxygen in the flame during the charging 
and the melting-down period of the heat, or by introduc- 
ing oxygen into the molten metal after melting in order 
to reduce the carbon content, certain economies have 
been realized. Large-scale tests have been carried out by 
several of the large steel companies during recent months 
with reported savings in time per melt of as much as 
four hours when handling a charge approximating 
400,000 pounds. The amount of oxygen used per ton 
of steel so produced varies widely according to the 
conditions of use and may be as much as 600 cubic feet 
per ton. For a steel plant operating 10 open hearths and 
having a daily producing capacity of 6,000 tons this 
would represent an over-all daily demand for oxygen of 
3,600,000 cubic feet, equivalent to 160 tons of oxygen. 
Some estimate that the open-hearth furnace capacity 
may be increased 40 to 60 per cent by this means. In 
terms of the cost of oxygen the break-even point will 
vary widely from plant to plant and change rapidly with 
market fluctuation and other conditions, but some have 
concluded that a worth-while saving would be realized 
if oxygen could be produced at about $10.00 per ton; 
others estimate that, to be attractive in terms of the large 
investment required, the oxygen should be produced 
for not more than $5.00 per ton. In all of these large- 
scale projected tonnage uses for oxygen the price at which 
it can be produced is the determining factor. Industry- 
wide adoption of the use of oxygen in open-hearth 
practice would mean an investment in the near future of 
up to $200,000,000. 


Use in Blast Furnace 


The iron blast furnace can be rated as one of the most 
important units in our industrial economy. With more 
than 200 units and producing capacity of 66,000,000 
tons per annum, the United States today has in excess 
of 50 per cent of the pig iron producing capacity of the 
world. With the present position of the scrap market, 
pig iron is in demand beyond the maximum which can be 
produced today, and new blast furnaces are being 
planned. From the chemical point of view the factor 
limiting production is the amount of oxygen that can be 
blown and converted into carbon monoxide at the tuyéres. 
The amount of air that can be blown into a furnace per 
minute has been limited largely by mechanical con- 
siderations, such as the increasing entrainment of fine 
ore particles in the blast-furnace gas with higher rates 
of blowing. With the industry increasingly dependent 
upon finer grain ores and forced to use inferior grades of 
metallurgical coke, the trend is toward a reduction in the 
producing capacity per furnace. Several suggestions are 
being advanced for correcting this situation. One of these 
is beneficiation of ore through flotation to increase the 
percentage of iron content, and sintering to increase the 
average grain size. A second proposal is to increase the 
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average gas pressure within the shaft of the furnace by 
increasing the blowing pressure and throttling the dis- 
charge gases with increase of top pressures to possibly 
20 pounds. Two furnaces have been operating on this 
principle for some months and have demonstrated the 
feasibility of substantially increasing the rate of blowing 
under these conditions, with corresponding increase in 
production. The third means suggested for increasing 
production is that of enriching the blast in oxygen. At 
present the benefits must be calculated from the rather 
inadequate data of a few tests on European furnaces in 
1940 and 1941. Large-scale tests now planned for at least 
one furnace in this country should decide this contro- 
versial issue. With enrichment to 30 per cent. It is pre- 
dicted that fuel requirements will be cut 8 per cent and 
production increased about 20 per cent. To break even, 
oxygen should cost slightly less than $5.00 a ton, accord- 
ing to estimates of some operators. For enrichment to 
30 per cent, a furnace normally blowing 75,000 cubic 
feet of air per minute would require 12,000,000 cubic feet 
of oxygen per day. 

When this possibility is considered in combination 
with the rather certain large-scale use of oxygen in 
open-hearth practice and present substantial demands 
for oxygen in a steel plant, it is predicted that large 
oxygen generating plants will shortly be as indispensable 
and essential for the most efficient over-all operation 
of a steel plant as are the present utility facilities, coke 
ovens, fuel gas generators, and power plants. Through 
such installations will come greater flexibility in adjusting 
the various operations which enter into the manufacture 
of steel to meet changing economic conditions within the 
industry. 

Gasification of Coal 

The equivalent of some 170,000,000 tons of coal 
annually is consumed in the form of gas by industrial and 
domestic users in the United States. Of this total, gas 
made from coal accounts for the equivalent of some 
21,000,000 tons, and the rest is mostly natural gas 
transported over long distances in pipe lines. 

In this country, gas is made from coal chiefly by three 
processes, which give rise to coke-oven gas, carbureted 
water gas, and producer gas. Coke-oven gas results from 
the heating of coal in coke ovens in the manufacture of 
coke and is thus essentially a by-product. Cheap oxygen 
promises to play an important role in the latter two 
processes. In the traditional water-gas process steam is 
made to react with incandescent carbon in an operation 
in which a mass of coke or coal is alternately blown with 
air, to heat it by the combustion of a portion of coke 
or coal, and then with steam, to effect gasification of 
another portion. Blue water gas results and is a mixture 
of hydrogen and carbon monoxide, with a heating value of 
nearly 300 British thermal units per cubic foot. This gas 
is enriched to “city gas” heating-value standards (usually 
more than 500 British thermal units per cubic foot) 
by having petroleum oils cracked into it in the carburetor 
portion of the water-gas set. Producer gas, largely for 
use in industry, is made by continuously blasting a deep 
hotbed of coal or coke with a mixture of air and steam. 
Obviously, the nitrogen introduced as air dilutes the prod- 
uct gas, which may have a heating value as high as 180 
British thermal units per cubic foot when made from high 
volatile coal, and as low as 110 British thermal units per 





Republic Sieel Corporation 

Charging hot metal in open-hearth furnace. The steel industry 

will undoubtedly be one of the largest users of oxygen for industrial 
purposes. 


cubic foot when made from low volatile coke in poor 
operations. 

The complete gasification of coal with resultant high 
heating-value gas in a continuous process has long been 
held up as a potential goal in the manufacture of gas 
from coal. Operation of a process based on the producer- 
type reactions with steam and oxygen, instead of steam 
and air, could result in the continuous complete gasifica- 
tion of the coal without the diluent nitrogen being 
present in the gas. Gasification may be combined with a 
second step wherein a portion of the hydrogen-carbon 
monoxide is reacted to form methane, having three times 
the volumetric heating value. After removal of any 
carbon dioxide the product of this combination process 
yields a gas having a heating value up to about that of 
methane, or about 1,000 British thermal units per cubic 
foot. 

Such a combination of steps may become the means by 
which coal can be gasified at the mines and the gas 
transported via pipe line to consuming points, much as 
natural gas is now transported. This has been visualized 
with reference to coal mines in West Virginia, Pennsyl- 
vania, and Illinois, with distribution of gas to the. major 
industrial regions of northern and eastern United States. 

Based on Braunkohle, lower in quality than any coal of 
commercial significance mined in the United States, and 
oxygen produced in Linde-Friinkl liquid air plants, the 
German Lurgi development effects this combination of 
steps to get a gas of some 500 British thermal units per 
cubic foot in a continuous process at an efficiency equal to 
or surpassing that of the producer-gas process. 

American chemical engineering talent is now being 
applied to process design problems, in the solution of 
which the Germans showed poor aptitude, in order to 
bring this method of coal (Continued on page 62) 





Colloids in Science and Industry 
From Rubber Tires to Whipping Cream, 






Surface Phenomenon Plays a Predominant Role 
in Creating the Products of Modern Colloidal Chemistry 


By Ernst A. Hauser 


made many outstanding contributions to science 

and industry. As a firm basis for future recognition 
its wartime contributions may be offered, inasmuch as 
this branch of science was, in fact, an important cog in 
making possible many of the most important military 
operations of World War II. Of course, it would not be 
proper to say that the war was won simply and alone by 
colloid chemistry. But when our armies landed on the 
beaches of Normandy, or crossed the Rhine; when our 
bomber squadrons blasted important military objectives, 
such as the Krupp armament factories, or the plants of 
the large German chemical companies in Leverkusen or 
Ludwigshafen; when Hiroshima and Nagasaki were dev- 
astated by the atomic bomb — the colloid chemists are 
included in the not too large audience who realize that all 
such operations would have been impossible without 
knowledge of the colloid chemistry of rubber. 

Rubber was needed for the inflatable boats which were 
used to put our men ashore and the pontoons with which 
they built emergency bridges. Heavy cannons and tanks 
would have been useless without rubber caterpillar treads, 
and, without tires, no bomber could have left the ground. 
In the final analysis, our entire synthetic rubber industry 
is based on knowledge of the colloid chemistry of the milk, 
or latex, which exudes from the natural rubber tree grow- 
ing in the Far East and in the jungles along the Amazon 
River and its tributaries. 

But it is not only in the important field of rubber that 
colloidal chemistry plays a major role. The entire petro- 
leum industry leans heavily on colloidal chemistry for the 
many products and by-products derived from petroleum. 
Indirectly, the American housewife comes into daily con- 
tact with the products and results of colloidal chemistry 
when she uses synthetic plastics, soaps, gelatins, jellies, 
and even whipping cream. 

In spite of its vast and widespread importance, colloid 


[LD mee G the last few years colloid chemistry has 


chemistry is a field which, to date, has not achieved the 
recognition it deserves. The neglect of this science could 
be illustrated by citing the devastating floods which have 
occurred in the Middle West this year, and the fact that 
Congress is debating the need of allotting a large sum of 
money to be used in the construction of dams to avoid a 
recurrence of such a disaster. Yet soil stabilization is no 
longer a problem for colloid chemists who would be able 
to make valuable contributions to soil conservation if their 
advice were sought. Possibly, the neglect of this branch 
of science lies not alone with industry or government, but, 
in part, with our educational institutions, for the teaching 
of colloid chemistry is limited to a few colleges, of which 
M.L.T. is one. Still, industry, educational institutions, 
and government research alike have a share in the present 
status of colloid chemistry, for as has already been 
pointed out,* it is no longer possible to neglect this branch 
of science without inhibiting general progress in science 
and technology. 


All on the Surface 


Colloid chemistry should not be considered solely as 
another branch of chemistry, such as inorganic or organic. 
As physicochemistry applies to both, so does the science 
of colloids. Colloid chemistry is actually the chemistry of 
matter present in such a degree of subdivision that its 
surface is the predominant factor. It is this surface devel- 
opment, and the lack of chemical saturation of the atoms 
or ions located therein, as compared to thosé located 
below the surface, which account for the reactivity of 
colloidal systems. To explain in somewhat more detail 
what is meant, let us consider the following reaction: 


KBr + AgNO; — AgBr + KNO; 
Reduced to words this symbolic notation states merely 


that potassium bromide plus silver nitrate yields silver 
*The Technology Review, February, 1941, p. 158. 
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Fig. 1. (left) When potassium 
bromide and silver nitrate re- 
act, newly formed silver bro- 
mide particles have negative 
surface charge if there is excess 
of potassium bromide as shown 
at (a); positive charge with ex- 
cess silver nitrate, as in (b). 


Fig. 2. (right) Schematic dia- 
gram of Lodge-Cottrell precipi- 
tator which makes use of re- 
moval of smoke by electrically 
separating charged colloidal 
particles. 
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Fig. 3. Surface charge is the basis for the formation of carbon dioxide 
when oxygen, carbon monoxide, and colloidal nickel are brought together 
at elevated tem peratures. 
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Fig. 5. Direct visual or photographic study of the effects of time and 

temperature on elastic substances can be studied with new techniques in 

which incident light is applied to the ultramicroscope whose substage 
can be heated. 


bromide plus potassium nitrate. This reaction —— the 
double exchange of metals and radicals as expressed sym- 
bolically above — is all that is of importance to chemists 
who customarily deal with atom aggregates large enough 
so that surface phenomena are submerged by the effects 
of mass action. 

The colloid chemist is not yet satisfied with the state 
of affairs so simply stated by the chemical equation. He 
notes that the silver bromide crystals which are found in 
this reaction have surfaces composed of silver and bro- 


. mine ions which are not saturated; that is, they are lack- 


ing ions of opposite charge as compared to those located 
below the surface. If the reaction is carried out with an 
excess of potassium bromide, then the silver ions on the 
surface of the newly formed silver bromide particles will 
react with some of the excess bromine ions and a particle 
carrying a net negative surface charge results. The excess 
potassium did not react with the bromine of the crystals 
because nature always tends to have a reaction form the 
least soluble compound. If, however, silver nitrate had 
been in excess, the particles would have acquired a posi- 
tive charge due to the preferential (Continued on page 66) 


Fig. 6. A series of photomicrographs of a sample of Cryptostegia 

grandiflora, rubber showing structure upon formation (top) and the 

changes which occur after 15 hours (center) and again after 30 hours 
(bottom). 


Fig. 4. The effectiveness of gas masks'depends upon the removal of 
poisonous gas particles by combining them with colloidal carbon through 
the surface charges of these two substances. 








Safely through Rough Waters 


Members of September Graduating Class Are Told Successful Life 
Requires Patriotic Zeal, Sustained Effort, and 
Willingness to Make Personal Sacrifices 


By Kart T. Compron 
VALEDICTORY ADDREss * 


can be based upon the waves on the ocean. These 

waves carry for a long time and to distant places 
the energy imparted to them by some event like a storm 
or a suboceanic earthquake. They carry the record of the 
original event, first very definitely and later in a more dif- 
fuse fashion as these waves become blended with other 
oceanic disturbances. But, except for the slow dissipation, 
the energy is carried on and on until the wave ultimately 
dies on some shore, and even here the energy is not lost 
but is transformed into heat or into the physical displace- 
ment of sand or rock or ice. 

In the summer of 1946, while flying over the Marshall 
Islands during the period of the Bikini atomic bomb tests, 
I saw a very elaborate and large-scale pattern of interfer- 
ence waves. The general direction of the waves is from the 
northeast, being driven by the trade winds, but from 
every coral island the waves are reflected so that the en- 
tire surface of the ocean is crisscrossed by an elaborate 
pattern of interference waves with hyperbolic lines of 
calm alternating with the regions where the various wave 
systems combine in the same phase. Having become ac- 
customed to this continual interference pattern, though 
without understanding the technical reasons for it, the 
natives utilize it most skillfully as they navigate between 
the islands on their fishing or trading expeditions. There 
were several times during World War II when these 
natives thus piloted our boats to their destinations. 

In some such fashion, by analogy, we may think of the 
events of history and the discoveries which, throughout 
the years, have enriched the fund of human knowledge 
and experience, as providing the intellectual pattern 
whereby we can advantageously navigate our own lives 
if we have the intelligence and training to profit by them. 

Just as the waves on the sea reconstitute the pattern 
of past oceanic events, so have the pages of your text- 
books and the lectures of your professors opened up to 
you the storehouse of previous knowledge and art which 
will assist you in steering your future activities so as to 
take the best possible advantage of things that have gone 
before. Your laboratory work and the innumerable prob- 
lems which you have solved in class exercises provide 
the skill required to handle the craft which is your future 
career. Just as my trip to Bikini offered me an opportunity 
to see the pattern of the Pacific waves, so has your trip 
through M.I1.T. offered you opportunity to become ac- 
quainted with the pattern of past knowledge and experi- 
ence and to acquire skill in utilizing this information. 

* Delivered to the 489 members of the Class of 9-47, in Walker 
Memorial, September 26, 1947. 


(jens I have thought of the many analogies which 
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A few days ago in conversation with Governor Brad- 
ford of Massachusetts, he called my attention to a very 
interesting quotation from the writings of an English- 
man, John Selden, in the year 1641. The quotation was: 

“The storm is over, the wind lieth, but the ocean 
worketh a great while.” There are two analogies which I 
would like to draw from this quotation: the first relating 
to your own personal experience; and the second to the 
world situation. 

“The storm is over, the wind lieth, but the ocean work- 
eth a great while.” The storm may be likened to the hectic 
days of your career at M.I.T. These days have not all 
been hectic but this institution has a well-deserved repu- 
tation for hard work and there are periods of examinations 
and tests or other emergencies which are unusually 
strenuous. The unsettled conditions of our postwar read- 
justments have accentuated these various disturbances. 

Now, “the wind lieth”. The examinations are passed. 
You are no longer subject to the daily lectures of your 
professors (their wind lieth for the moment until they 
have to begin lecturing to the new classes). The winds and 
storms of life will again blow around you from time to 
time as you settle into your professional activities. 

“But the ocean worketh a great while.” By this I mean 
that the influences which have been created in and around 
you during the college course will, like the waves, continue 
to operate for a great while and in fact throughout your 
lives. As time goes on the particular influences of your 
educational experience will become blended with many 
other influences from the activities and environment in 
which you work, and the whole of these influences will 
constitute the ever growing pattern by which, with 
intelligent interpretation and skillful adaptation, you can 
steer your life’s career. 

Finally, at life’s end, your individual pattern will break 
up in the sands of time but even then, as also throughout 
your life, the energy or influence of your lives is not lost 
but is rather transformed or continued in some other form. 

Turning now to the second analogy which applies to 
world events, I can make the application suggested by 
Governor Bradford — “The storm is over, the wind lieth, 
but the ocean worketh a great while.” The storm of World 
War II is past, the fighting has stopped, the tremendous 
pressure of war activities has dropped, but still “the ocean 
worketh a great while” because the economic and political 
disturbances created by the war are still with us and will 
be with us for many years to come. Just as during the 
war the great problem facing our civilization was to ride 
through the storm successfully, so also, now that the storm 
is over, the world is still faced (Concluded on page 70) 
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For Quality in Education 


Analyzing Trends in Higher Education, 
President Compton’s Annual Report 
Emphasizes the Institute’s Needs for 
Postwar Leadership. 


RENDS of higher education in the United States 
and the responsibility which privately endowed in- 
stitutions of higher learning must assume for de- 
veloping leadership in students of superior ability are 
thoughtfully analyzed in the stimulating report which 
President Compton presented to the Corporation at its 
meeting on October 6. Coming at the beginning of a year 
in which M.I.T. is called upon to train the largest student 
body in its history, Dr. Compton’s annual report pro- 
vides an admirable survey of the need for quality in 
higher education, and records in considerable detail the 
Institute’s current program for fulfilling its obligations to 
the nation as well as to its present portal-bulging student 
body. 
In his discussion of the status and trends of higher 
education in the United States, Dr. Compton reported: 


Most of us have been prone to think of the present over- 
crowded conditions in our institutions as due to the sudden re- 
lease to college of the great group of young men whose educa- 
tion had been interrupted by military service, this trend to col- 
lege being aided and abetted by the G. I. Bill of Rights. This is 
of course true. What is not generally realized, however, is that 
the present total college enrollment is really not very far out 
of line with what it would probably have been if the trends of 
enrollment during the years prior to 1940 had simply continued 
uninterruptedly through the war years to 1946. For several 
decades there has been a steady increase in the number of our 
young people going on for higher education. If it had not been 
interrupted by the war and if the prewar curve had been extra- 
polated through the war years, the total enrollment in institu- 
tions of higher learning would be just about what it is today. 
The difference is that this enrollment has come upon us sud- 
denly after the discontinuity of the war, and our institutions 
have not been able to adjust themselves to it financially and in 
facilities and teaching staff so readily as if the growth had pro- 
ceeded in its gradual, normal manner. 

In the past academic year there were a little more than 
2,250,000 students enrolled in our institutions of higher learn- 
ing. This is nearly 60 per cent more than in 1939-1940 and is 
four times as many as were enrolled immediately after World 
War I in 1920. The Office of Education estimates that there 
will be at least 3,000,000 students in our institutions of higher 
learning by 1950 and that this number will continue at some- 
what like this level until there is another big jump in the 1960’s 
with the increased number of young people who were the war 
babies of World War IT. 

On the average, about one in every three high-school gradu- 
ates now goes on to college. Spot surveys in several parts of the 
country indicate that less than half of the best of the high-school 
graduates go on to college and that the principal reason for this 
low proportion is lack of financial resources. 


($9) 


On the financial side there are some statistics which are quite 
significant. In the last normal year, 1939-1940, the colleges of 
the country spent an average of $350 per year per student. 
This is of course the cost of education and does not include the 
living costs of the students. The significant fact, however, is 
that the average annual amount spent by our colleges per stu- 
dent, reduced to terms of the purchasing power of the dollar, 
has steadily declined ever since 1930. This fact, combined with 
the progressively increasing demand for higher education, can 
mean only that our country has let the pressure for numbers 
and the competition of other demands upon our national income 
operate to an over-all decline in the quality of our higher 
educational program. 

One reason for this is the pronounced decrease in private 
contributions toward higher education and the corresponding 
increase in support from public funds. In 1920-1921 private 
contributions amounted to $158 per student, whereas in 1941— 
1942 they were less than half this amount, namely, $73 per 
student. The tendency has been to take care of the demand 





President Compton Reports 


Dealing with problems of higher education in the 
United States, in his report to the Corporation on 
October 6, President Compton stated that: 

People in the United States spend 20 times as much 
for amusements, cosmetics, jewelry, tobacco, and liquor 
as they do for education at university level. 

Present college enrollment is probably what it 
would have been if the prewar trend had been permitted 
to continue uninterruptedly between 1940 and 1946. 

The almost complete cessation of normal educational 
activities at university level during the war, followed 
by the sudden, abnormal increase in postwar enroll- 
ment are the primary factors responsible for the present 
difficulties which colleges face in their finances, in 
maintaining high standards, in building adequate 
faculties, and in expanding housing and educational 
facilities. 

It is both proper and inevitable that the Federal 
Government should sponsor higher education to a 
greater extent than it did prior to World War II. 

Since political tendency is toward equality of dis-. 
tribution, the obvious danger of Federal sponsorship 
is that the standards for higher education will be 
lowered to the level which the masses can assimilate. 

The complementary factor which is required, there- 
fore — and the task which privately endowed institu- 
tions must meet — is that of providing superior edu- 
cation for, and developing leadership of, superior 
students willing to work for and merit opportunities. 

The continued strength of privately controlled in- 
stitutions must be looked to for sustaining high stand- 
ards in publicly supported institutions of learning. 

















The Year’s Highlights at M.I.T. 


The following highlights are extracted from the 
President's Report, given by Dr. Compton to members 
of the Corporation at their annual meeting on October 6. 

New educational facilities added during the year in- 
clude a field station for the Laboratory of Nuclear 
Science and Engineering, and a new Gas Turbine Lab- 
oratory which was dedicated on October 7. 

The 5,600 students enrolled for the year 1947-1948 
represent an increase of 80 per cent over the Institute's 
prewar stabilized enrollment, and a 10.8 per cent 
increase over the previous all-time high of last year. 

The gift of $500,000 from the Alumni Association 
supplements funds earmarked for student housing and 
makes possible the construction of a new Senior House 
accommodating 360 students, begun October 6. 

The Institute’s nonstudent personnel exceeded 3,400 
in 1947 as against 1,300 in 1940. 

Total expenditures for the fiscal year 1946-1947 ex- 
ceeded $17,000,000 or more than five times the largest 
prewar budget. 

Now operating a $17,000,000 program with plant 
and endowment adequate for a $3,500,000 prewar 
program, the Institute has initiated a program for 
increasing its financial resources by about $21,000,000. 











for college education more and more through the tax-supported 
institutions, and these of necessity have had to cater more to 
the mass than to the individual. Although only one-third of all 
the institutions of higher education in the United States are tax 
supported and under public control, these one-third enroll more 
than one-half of all the students. 

The financial problem confronting the institutions of higher 
learning is easily understood from the combination of the fol- 
lowing factors: (1) the decrease in private contributions, which 
undoubtedly is due to the higher income-tax rates; (2) the fact 
that income from invested endowments has decreased by at 
least a third; (3) the increase in over-all operating costs, includ- 
ing salaries, wages, and costs of material, which have approxi- 
mately doubled. . . . 

On the average over the country student fees took care of 
approximately 40 per cent of the cost of instruction in 1939- 
1940, but at the present time this average has risen to 56 per 
cent. In other words, the colleges, faced with the financial 
dilemma, have been forced to meet at least part of their financial 
problem by increases in tuition. In one way I believe that this 
is generally justified because the average per capita earning 
power of the American people has approximately doubled in 
this same period. It is reasonable to expect, therefore, that the 
average family could take care of twice as much cost of educa- 
tion as it could have in 1939-1940. . . . 


- - . Education: Quantity and Quality .. . 


There seem to me to be two major objectives which tend to 
dominate the direction in which our higher education is moving. 
Both of these objectives are good and they should be comple- 
mentary. There is a danger, however, that they may become 
harmfully competitive. . . 

The steadily increasing demand by the public for higher edu- 
cation, combined with the shortage of any other funds for 
providing this education, has given increasing stimulus to the 
demand for larger public appropriations. The states are very 
spotty in their response to this demand. The trend has there- 
fore been toward Federal funds for such support. . . . 

A strong argument can be made for such Federal support on 
at least three grounds: In the first place, it would meet a public 


demand. In the second place, it is the only apparent way in 
which educational opportunities can be more or less equalized 
for students from various parts of the country. In the third 
place, the lessons of World War II have emphasized the impor- 
tance to our national security of a population which is well 
educated, not only in the scientific and technical lines but also 
in the facts of history, economics, and social institutions. I 
believe, therefore, that it is both proper and inevitable that 
the Federal Government should step into the breach and spon- 
sor higher education to a substantially greater extent than in 
the past. It remains to be seen whether such support will be 
made available on some appropriate basis to all qualified institu- 
tions of higher learning or only to existing and to new publicly 
controlled institutions, and also whether it will be accomplished 
by outright grants or by some form of contracts. 

Both inevitable and proper in the thinking of Federal agencies 
is the attention to the masses of the population. The ideal will be 
to make higher education available to all who are qualified 
to benefit by it, irrespective of race, religion, or economic status. 
. . . The young manhood and womanhood of the country will 
be viewed as raw materials which should be properly developed 
as national assets. 

Freely granting the logic and the benefits of such a program, 
there are some dangers inherent in it unless certain comple- 
mentary moves are also made. The most obvious danger is that 
the entire program of higher education will-be brought to a 
mass level which at the worst could be mediocre and at the best 
could be rather far from optimum. The complementary factor 
which is required is attention to a superior type of education, 
admittedly more expensive and selective than that which can 
be afforded for the masses, aimed primarily at providing the 
highest quality of educational advantage for students of superior 
potential and at the same time providing the best possible type 
of educational leadership for all higher education. It is possible, 
if Federal funds are wisely administered, to give proper em- 
phasis to this quality factor as well as to the quantitative factor. 
This has been notably achieved already in the case of certain 
state institutions. Nevertheless, the political factors are against 
long-term emphasis on quality in state institutions because it is 
politically difficult to justify under governmental] auspices a 
higher grade of opportunity for one person than for another. 
The political tendency is always toward equality of distribution. 

Here, as I see it, is the great continuing challenge to the 
privately supported educational institutions. To some of them, 
at any rate, in every category of liberal arts or professional ed- 
ucation, there is the responsibility of providing leadership, and 
of providing the opportunity for a type of education which is 
superior to that which can be provided for the masses and which 
should be made available to those qualified individuals 
who are able and willing to pay the price as an investment in 
their future. The existence of such institutions as Harvard, 
Chicago, M.I.T., and many others is, in the last analysis, the 
greatest safeguard of higher education against the dangers of 
political domination. I believe that the continued strength of 
these great privately controlled institutions will be responsible 
in no small measure for sustaining the excellent standards and 
high-minded administration of the majority of the publicly 
supported institutions. 

Lest I be misunderstood, let me amplify the preceding para- 
graph. I do not argue for an undemocratic special privilege for 
a favored class. I do argue for freedom of the student to seek 
special educational opportunities and to profit by them if he is 
exceptionally qualified. For some students this will be easier 
than for others, thanks to financial resources which are incen- 
tives and rewards of our free enterprise system. But any young 
man can work, as I and my father before me and thousands of 
others have done, to earn these opportunities. And the most 
promising students can be helped by the scholarship and loan 
funds which so many socially minded people have generously 
provided for just this purpose. 

Critical study of the origins of the basic new discoveries and 















ch 
sti 


rel 
ob 
col 
fro 
ou 
in 

wh 
ink 


5.6 
pre 
19 

oul 
wh 





way in 
alized 
e third 
impor- 
is well 
ut also 
ions. I 
le that 
1 spon- 
than in 
will be 
institu- 
ublicly 
plished 


gencies 
will be 
ialified 
status. 
ry will 
eloped 


gram, 
omple- 
is that 
ttoa 
ie best 
factor 
ation, 
+h can 
ig the 
perior 
p type 
ssible, 
r em- 
actor. 
ertain 
vainst 
e it is 
ices a 
other. 
ution. 
o the 
them, 
al ed- 
, and 
ich is 
which 
duals 
nt in 
vard, 
3, the 
rs of 
th of 
isible 
; and 
rlicly 


para- 
re for 
seek 
he is 
asier 
icen- 
oung 
ds of 
most 
loan 
yusly 


and 








concepts which underlie so much of our modern civilization 
points almost startlingly to their origin in countries where 
highest educational opportunities have been largely concen- 
trated on the most gifted, or most fortunate, among their 
youth. What we must try to achieve in America is a high level 
of mass education which will provide especial opportunity and 
all possible help for those who combine special gifts for creative 
scholarship with the earnest ambition to make whatever sacri- 
fices may be necessary to achieve their goal. 

To those, therefore, who believe sincerely in free enterprise, 
in the value of initiative to develop and operate institutions of 
superior quality, to those who wish to make available such op- 
portunities to the most gifted of our youth, there is a great 
challenge. Since the most serious problem confronting all in- 
stitutions is a financial one, the response to this challenge must 
also be measured in large part in financial terms. . 

The total cost of all higher education in the United States 
is annually about half of one per cent of our national income, or 
a little over $800,000,000. For purposes of comparison, this 
amounts to about one and a half days’ expenditure by our 
country in World War II; or about one-third the amount which 
is spent annually for operating our entire secondary-school 
system; or about one-half the estimated cost of operating uni- 
versal military training for one year. Put another way, $800,- 
000,000 is about five per cent of the amount which the American 
people spend each year for liquor, tobacco, jewelry, cosmetics, 
and amusements. The aggregate capital funds held by all in- 
stitutions of higher learning in the United States are about one 
and three-quarter billion dollars, or about equal to the total 
assets of all the great altruistic foundations of the country. 

These sums, while large, are small in comparison to the 
relative importance of the objective. If the importance of this 
objective is adequately realized by thoughtful people in the 
community, it should be easily possible, through private gifts 
from individuals, foundations, and corporations, to maintain 
our strategically located private institutions of higher learning 
in a condition to supply the leadership and the opportunity 
which are necessary to balance in a wholesome manner the 
increasing trend toward higher mass education. . . . 


M.I.T. Year in Review . 

Our enrollment during the present term will probably reach 
5,600 students, an increase of 80 per cent over our stabilized 
prewar registration. Our total expenditures for the fisca] year 
1946-1947 exceeded $17,000,000, which is more than five times 
our largest pre-war budget. Our total nonstudent personnel. 
which numbered 1,300 in 1940, has exceeded 3,400 in 1947. 


Senior House 

On October 6, President 
Compton broke ground along 
Vemorial Drive for a new 
senior dormitory designed 
to house 360 students. De- 
signed by the Finnish archi- 
tect, Alvar Aalto, Senior 
House will afford a view of 
the Charles River and Bos- 
ton from each room, as this 
model indicates. 

A gift of $500,000 from 
Technology Alumni made 
possible the construction of 
this much needed unit at 
the present time. It is an- 
ticipated that the dormitory 
will be available for occu- 


pancy by next summer. 


While we do not wish this present overload Jong to continue 
at its present level, I believe it fair to say that it has not yet 
held our figurative nose to the grindstone so completely as to 
prevent forward-looking activities along with the heavy rou- 
tine. The past year, in fact, brought steady progress in the 
retesting and rethinking of the Institute’s program and wit- 
nessed a mounting interest throughout the Institute in new 
ways of enriching our educational work. Creative research has 
flourished. There is some indication that publication of research 
results has lagged through lack of time to prepare manuscripts 
and through the persistence of the wartime habits of reticence. 


. . « Educational Survey ... 


Last year, in my report, I spoke of the desirability of a strong 
faculty committee to review our educational policies and pro- 
cedures. Such a committee has been appointed, together with a 
group of sub-committees, and has initiated a deeply probing 
study of those factors which make an educational institution 
vigorous in scholarship and in spirit. Not only is it reviewing 
our undergraduate curriculum in the light of our prewar objec- 
tives but it is reaching out to consider what the objectives of the 
future should be in the training of scientists, engineers, and 
architects. It is giving special attention to the problem of how 
to take the next step in creating a more effective partnership 
between the humanities and professional education and in speci- 
fying what kind of training will best equip an engineer to handle 
the great social responsibility and power which must inevitably 
rest in his hands. And, finally, it is tackling some of the impon- 
derables mentioned above, which promote scholarship and which 
build citizenship. What, for example, are those factors which 
we must emphasize in the future to provide the best possible 
environment for scholarly, creative work by students and staff? 
This committee includes Professor Warren K. Lewis, ’05, chair- 
man, Professor John R. Loofbourow, secretary, and Professors 
Ronald H. Robnett, C. Richard Soderberg, ’20, and Julius A. 
Stratton, ’23, 

Concurrently with the study by the Committee on Educa- 
tional Survey, other approaches to the problem are being fol- 
lowed. The Committee on the Graduate School, under the lead- 
ership of Dean J. W. M. Bunker, has reaffirmed and protected our 
high standards of graduate study while at the same time it has 
provided greater flexibility and freedom to the individual stu- 
dent in pursuing his professional objectives. New ways of 
organizing and co-ordinating research with teaching have been 
tested and policies formulated for handling sponsored research 
to the advantage of the academic program. Throughout the 
Institute there is clear agreement that the acceptance and 
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priority of any sponsored research program are governed by the 

extent to which the proposed activity will carry forward the 
educational objectives of the institution. The acceptance of this 
principle has been accompanied by the general recognition that 
our sponsored research programs can, if properly managed, help 
to create the environment most conducive to scholarship and 
creative activity. 

During the year there has been a fresh and constructive con- 
cern with teaching methods throughout the Institute, and sev- 
eral departments have instituted programs for checking and 
improving the instructional techniques of young staff members. 
Reflecting the current interest of students in educational meth- 
ods, one of the student honorary societies has undertaken care- 
ful evaluation of individual instructors in selected departments, 
with the wholehearted collaboration of the departments. 

There has been a trend, continuing from before the war, 
toward deepening engineering education through the adoption 
of more of the analytical tools of pure science, through more 
graduate training in engineering, and through the use of re- 
search to attract men of imaginative minds. Similarly the sci- 
ence departments have been deepening their programs, and 
the push, which began in earnest in 19380, to build a great School 
of Science occupying a position of equal partnership with the 
School of Engineering, is well on the way to its objective. 

During the year, two highly useful additions to our educa- 
tional facilities were brought into use. One of these, which we 
acquired by purchase, includes an Army-built structure and 
46 acres of land in Lexington, Mass., which will serve as a field 
station for our Laboratory for Nuclear Science and Engineering. 
The other is our fine new Gas Turbine Laboratory, which 

. gives us the most complete gas turbine laboratory to be 
found in any educational institution. 


. . » Broadening Technological Education . . . 


Concurrently with the study of the Committee on Educa- 
tional Survey, immediate efforts are being made to strengthen 
our program. Everett Moore Baker, who was appointed dean of 
students on January 1, 1947, and Thomas P. Pitré, who became 
dean of freshmen at that time, are systematically encouraging 
extracurricular activities and student counseling as effective 
tools to build citizenship and to widen the outlook of students. 
They have also developed ways of integrating these extra- 
curricular activities with our humanities studies, For example, 
we have engaged a new staff member who will not only have 
charge of our courses in music appreciation but will be consult- 
ant to the dean of students on our growing student musical ac- 
tivities. The students have responded with instant and hearty 
appreciation and collaboration. The registration officers in all 
the professional courses have stepped up their own effective 
contacts with students, and throughout the Institute, personnel 
have thrown themselves into the over-all movement to bring 
students and staff into a community of scholars having the 
broadest possible outlook. 

Contributing importantly and by design to this community 
building has been the new Director of the Medical Department, 
Dr. Dana L. Farnsworth, the Institute’s first full-time Medical 
Director. With a background of both psychiatry and internal 
medicine, he is an ideal successor to Dr. George W. Morse, who 
retired after 26 years of service, And to serve the general wel- 
fare of the students, in close relation to the Office of the Dean 
of Students and the Medical Department, a full-time Director 
of Athletics, Ivan J. Geiger, has been engaged and charged 
with the responsibility of making athletics serve education in 
the broadest sense. Toward this end he has al eady greatly 
stimulated intramural athletics. 


- « « Assistance to Students .. . 
A significant section of President Compton’s annual 
message dealt with assistance available to students at 


Technology. Prominently mentioned was the vigorous 
and helpful participation of the Corporation Committee 








on Student Activity, headed by Donald F. Carpenter, ’2, | 
whose program of new developments affecting student § 
life was recorded on pages 544 and 548 of the July, 1947, 
issue of The Review. The resolutions of the Committee : 
on Student Activity, adopted by the Corporation at its 7 
meeting last June, inaugurated a program for extended 
dormitory, athletic, and recreational facilities for Tech. } i 
nology students. 

President Compton’s report also recalled the $500, 000 | 
gift of the Alumni Association to be used toward the con- 
struction of a new Senior House, as already reported on 
page 537 of the July, 1947, Technology Review. Designed 
to house 360 students, Senior House construction was 
officially inaugurated on October 6 during ceremonies at 
which Dr. Everett M. Baker, Dean of Students, presided. 
Brief addresses were made by President Compton, repre- 
senting the Administration, Donald F. Carpenter, ’22, for 
the Corporation Committee on Student Activity, by 
Raymond H. Blanchard, *17, President of the Alumni 
Association and representing Technology Alumni, and 
by George K. Parmelee, ’49, representing the student 
body as president of the Institute Committee. Also taking 
active part in the ground-breaking ceremonies were Pro- | 
fessor Leicester F. Hamilton, ’14, chairman of the Dormi- 
tory Board, Donal L. Botway, °50, chairman of the 
Student Dormitory Board, and Vice-president James R.. | 
Killian, Jr., ’26 
.- + New Era... 

In setting forth the Institute’s future plans in fulfill- 
ing its objectives for providing outstanding higher educa- 
tion in science and engineering, President Compton 
reported : 
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The year also brought the opening of a sustained effort to: 
increase the Institute’s financial resources. The present capital 
needs of the Institute are estimated to be of the order of 
$20,800,000, and we are aggressively occupied at the present 
time in seeking funds, project by project, to finance these needs. 
Any effort of this sort must go through an initial phase devoted 
to informing potential donors fully about the needs of the in- 
stitution, and we are at present in the middle of this problem of 
stating our case. The next phase will require more extensive 
organization involving both Corporation and Alumni. 


The program has been set forth in a bulletin entitled 
“*M.I.T. — A New Era” which has been distributed to 
alumni readers of The Review. 

Significant progress toward the realization of the Insti- 
tute’s capital needs conclude Dr. Compton’s report in the 
following words: 


The George Westinghouse Educational Foundation has’ es- 
tablished a George Westinghouse Professorship in Mechanical 
Engineering, which will be publicly announced very shortly. 

The very attractive plans for the Charles Hayden Memo- 
rial Library were found to require funds substantially beyond 
those available. The architects have restudied the problem 
and arrived at a new plan which, in its preliminary showing, 
seemed to all who saw it to be even better than the earlier 
design and probably capable of erection within our budget. 

Construction is under way on the Navy-financed, M.I.T.- 
operated supersonic wind tunnel, located on the extreme western 
end of our property. This project, involving about $2,600,000, 
will make available to us a facility in this field unsurpassed by 
any other in the country. 

Based upon a finding of need by the United States Office of 
Education that the facility is necessary to provide education 
and training to veterans, the Bureau of Community Facilities 
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Photo by Miller Studto 


Members of the Class of 1897 celebrating their 50th reunion at East Bay Lodge, Osterville, Mass., last June when this photograph was taken. 
In the first row, left to right, are: Chester D. Hubbard, Edward A. Sumner, Francis H. Shepard, Thomas R. Weymouth; in the second row, 
Edwin R. Olin, W. Charles Dunn, William D. Parker, John A. Collins, Jr., Henry E. Worcester, Stanley A. Hooker, Gilbert H. Pratt; and, 
in the last row, standing, Harry F. Sawtelle, Charles H. Eames, Frederick L. Edmands, George R. Wadleigh, Arthur S. De Wolf, Luzerne S. 
Cowles, Proctor L. Dougherty, Irenée du Pont, Royal H. Hayward, Augustus C. Lamb, Henry A. Clark, Dr. Albert P. Norris, Frederick A. 


Hunnewell, William Binley, John P. Ilsley, Charles R. Currier, Benjamin A. Howes, W ‘ilfred Bancroft, 


Allen W. Jackson, Charles B. Breed, 


Henry W. Ballou. 


of the Federal Works Agency is making available to the Insti- 
tute a large drill shed located at Camp Peary, Va., which the 
Navy has declared surplus. This building will be transported 
to Cambridge, where 33,000 square feet of it will be used to 
construct an athletic building 200 by 165 feet; the remaining 
17,000 square feet will be available to a government research 
project which needs hangar facilities at the Bedford Airport. 
Through the acquisition of this large structure, the Institute 
will be able by spring to have an athletic cage which essentially 
fulfills specifications which had been set up for this part of our 
ultimate athletic development. 

A number of gifts or pledges have been received toward the 
Hydrodynamics Laboratory and Naval Towing Tank, but 
substantial funds remain to be secured before this laboratory 
can be constructed. 

In support of our program in Nuclear Science and Engi- 
neering, which at present is being financed largely through the 
Office of Naval Research, one initial industrial contribution 


- has been received and another large contribution has been 


pledged conditioned upon contributions from at least three 
similar corporations. Based upon negotiations to date, we 
feel exceedingly optimistic over the possibility of successfully 
arranging for this private support of our program during a 
period of several years. 


Heads Mechanical Engineering 


re of Professor C. Richard Soderberg, 
°20, as head of the Department of Mechanical Engi- 
neering at the Institute was announced by Dr. Kar! T. 

Compton as the July issue of The Review was being 
printed. Professor Soderberg’s new appointment will per- 
mit Dr. Jerome C. Hunsaker, ’12, who has been head of 
both of the Departments of Mechanical and Aeronautical 


Engineering since 1933, to devote his entire attention to 
direction of the Institute’s rapidly expanding program 
of research and instruction in aeronautical engineering, a 
field in which he has long been widely recognized as an 
authority. 

The Department of Aeronautical Engineering grew out 
of the first professional course in that field which Dr. 
Hunsaker established at M.I.T. in 1914. Just before the 
beginning of World War II, the Wright Brothers Wind 
Tunnel was completed and with the beginning of hostili- 
ties it became one of the most important centers of re- 
search on aircraft design and performance. 

The new supersonic wind tunnel now under construc- 
tion for special research for the United States Navy will 
be operated by the Department of Aeronautical Engineer- 
ing, which also has a full program of research on many 
other problems associated with flight. 

Professor Soderberg, whose appointment as head of the 
Department of Mechanical Engineering became effective 
on July 1, has been deputy head of this Department for 
some time. 

During the war Professor Soderberg served on the spe- 
cial committee on jet propulsion of the National Advisory 
Committee for Aeronautics. He also served on other 
government committees for studies of tank design and 
evaluation of gas turbine power plants for ships, and was 
consultant on the development and design of power plants 
in torpedoes. Since the war he has been a member of the 
subcommittee on turbines of the National Advisory Com- 
mittee for Aeronautics and chairman of the panel for 
aircraft, fuels, and propulsion of the Scientific Advisory 
Board of the Army Air Forces. 


The Class of 1902 observed its 45th reunion when members gathered at Osterville in June. Seated, left to right, are: Alfred W. Friend, Grant S. 





Taylor, Burton G. Philbrick, Chauncey P. Manning, Frederick H. Hunter; standing, in the second row, Wilbur L. Vatter, Cecil B. Annett, Lewis 
E. Moore, Edwin E. Nelson, J. Albert Robinson, Walter P. R. Pember Francis B. Galaher, Arthur L. Collier; and, in the last row, Lester 
C. Hammond, Albert A. Haskell, Charles W. Kellogg, Robert S. Baldwin, Stephen A. Gardner, John C. Fruit, William M. Bassett 


Encore! Class of 1947 


betee group in this Class (in addition to the February 
and June, 1947, graduates) were the 439 members of 
the Class of 9-47 who were awarded a total of 442 degrees 
at the commencement exercises which were held in Morss 
Hall, Walker Memorial, on September 26. 

As one of the last “off season” graduating classes, re- 
sulting from the accelerated program of instruction which 
operated during the war, 30 doctor’s, 158 master’s, and 
251 bachelor’s degrees were conferred. In addition, three 
graduates received both bachelor of science and master of 
science degrees. 

Everett M. Baker, Dean of Students, opened the com- 
mencement exercises with the invocation. Assisted by 
John W. M. Bunker, Dean of the Graduate School, Presi- 
dent Compton presented degrees to the graduates. Dr. 
Compton also gave the commencement address which The 
Review is pleased to present on page 38. 

Following the presentation of degrees, a reception was 
held in Morss Hall by President Compton for this new 
group of M.I.T. Alumni and those who were present at 
the exercises. 


For Tomorrow’s Physicists 


rPXHE Visiting Committee on the Department of 

Physies* held an all-day meeting on January 2, 
1947, in which the morning session was devoted to a con- 
sideration of the undergraduate teaching, with particular 
reference to instruction given to students in other courses. 


* Members of this Committee for 1946-1947 are: Francis J. Chester- 
man, ’05, chairman, Roy D. Mailey, ’04, A. Warren Norton, ’21, James 
B. Fisk, '31, Percy W. Bridgman, Alfred L. Loomis, and Henry D. 
Smyth. 





An inspection was made of the new Physics Laboratory 
and the teaching rooms made available by the moving 
of the Department of Geology: The Research Laboratory 
of Electronics and the Laboratory for Nuclear Science 
and Engineering were also visited by the Committee. 
After lunch, at which some of the problems were dis- 
cussed, the Committee adjourned for a further review of 
the problems of the Department and its objectives. 

Nearly 2,000 freshmen and sophomores and an in- 
creasing number of juniors and seniors from other depart- 
ments had been receiving instruction in undergradu- 
ate physics. The new quarters, providing laboratory 
space for the Department on the third floor of Building 
Four, will make it possible to correlate the undergraduate 
activities more satisfactorily and to administer them bet- 
ter than in the past. A review of the subjects taught 
to the undergraduates indicated that no immedi- 
ate changes were required, particularly since a committee, 
under the chairmanship of Professor Hans Mueller, has 
been active in planning and carrying out changes in un- 
dergraduate work, and has recently evolved a more 
satisfactory arrangement of subject matter. 

The Committee was greatly impressed with the organ- 
ization of the two main research laboratories, which 
largely account for the graduate work: the Research 
Laboratory of Electronics, operated jointly by the De- 
partments of Physics and Electrical Engineering, under 
the direction of Professor Julius A. Stratton, ’23; and the 
Laboratory for Nuclear Science and Engineering (com- 
prising the Radioactivity Center, the High Voltage Lab- 
oratory, the Cosmic Ray Laboratory, and the theoretical 
group) directed by Professor Jerrold R. Zacharias. 

The fundamental conception of these two laboratories, 
involving close co-ordination with the work in other 

(Continued on page 46) 
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BUSINESS IN MOTION 





To oer CeLleag ued ca ee” ee ere 


There is a well-known combination lock for safes and 
vaults that employs five different Revere Metals, as fol- 
lows: 1, 70-30 Cartridge Brass for the dial flange; 2, Com- 
mercial Bronze, 90%, for case, case lid, and bolt; 3, Heavy 
Leaded Brass for tumbler parts and other items, includ- 
ing dial, requiring exceptional accuracy; 4, Free Cutting 
Brass in Rod and Extruded Shape, for the machined and 
knurled head, and for the angle bar; 5, Forging Rod, for 
the tumbler driver. Each of these was chosen because it 


offered the specific qualities needed. 


position. A slight change in temper, for example, may 
change a difficult and expensive drawing operation into 
an easy and economical one. 

Revere feels that it has four fundamental responsibil- 
ities to industry. First, it must, and does, produce the 
finest possible non-ferrous metals, accurately controlled 
as to purity, physical characteristics, dimensions. Second, 
it produces these metals in such variety as to enable 
manufacturers t6 choose exactly what they need for 


their products and processes. Third, 





Before specifying the Revere Met- 
als for this lock the manufacturer 
studied their qualities and character- 
istics with great care, making use of 
our knowledge as well as his own. 
Thus he was able to make accurate 
and successful selections, draw up 
tight specifications, and be sure of 
meeting not only the requirements of 
fabrication methods, but also assure 
strength, long life, and dependable 


operation of the finished locks. 





Revere produces many Revere 






it produces them as promptly as pos- 
sible, in order to assist in meeting 
production dates. Fourth, it makes 
available its complete knowledge of 
its metals, 

In playing this quadruple role 
Revere is by no means alone. Any 
supplier of basic materials does like- 
wise. Just as there are many coppers 
and brasses of different characteris- 
tics, so there are many alcohols, many 


woods, many plastics, many types of 





glass, and so on. Often the most im- 





Metals in order to give manufacturers the opportunity to 
match materials and requirements with the utmost accu- 
racy. Each metal is made in several different forms or 
shapes. Variations in temper and finish are also offered, 


because these characteristics can be as important as com- 


portant thing a supplier has to offer is what he knows 
about his materials. Out of long experience Revere has 
come to the conclusion that one of the most fruitful policies 
a manufacturer can adopt is that of using the brains as 


well as the materials of his suppliers. 


REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 


A A 
A, Ay “& 


7) 


Executive Offices: 
230 Park Avenue, New York 17, N. Y. 
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courses, is eminently sound. The research in the Labora- 
tory for Nuclear Science and Engineering, for example, 
brings together staff in the Departments of Chemistry, 
Electrical Engineering, Chemical Engineering, Metallurgy, 
and Mechanical Engineering. Moreover, the personnel in 
charge of each laboratory is drawn from the departments 
interested in the activities of that particular laboratory. 
This policy emphasizes collaboration and co-operation, 
rather than competition, and brings to each laboratory 
the talent which is available in the departments affected. 
The size of each laboratory has been fixed by the essential 
requirement that the permanent staff consist of profes- 
sors of the Institute. The Committee was impressed by 
the number of investigations going on, as well as by the 
scope and magnitude thereof. Moreover, it is apparent 
that thoroughly competent people, outstanding in their 
knowledge and capabilities and forward-looking in their 
several branches of research, are engaged in this work at 
the Institute. 

It is obvious that space, which will be provided in a 
new building, is needed for the Nuclear Science and En- 
gineering Laboratory. It is hoped that this new con- 
struction will be undertaken shortly. On the other hand, 
in one of the temporary wartime buildings which is being 
used by the Research Laboratory of Electronics are many 
valuable tools and instrumentalities which could not be 
replaced even if the money to do so were available. These 
are housed in a temporary nonfireproof structure, which 
constitutes a potentially serious fire hazard. Certainly 
if the apparatus, mechanism, and tools in the temporary 
building were lost as a result of fire, a tremendous amount 
of time would be taken to replace them, and much re- 
search of importance would be delayed. The Committee 
recommends elimination of this potential hazard as soon 
as possible. 

The Department has been able to retain, as research 
associates and research assistants, many young men who 
had served on wartime government research projects. 
Through these appointments the Department has been 
able to obtain a staff of well-trained and experienced men 
in the various experimental fields, and the character, 
quality, and amount of the work they are carrying on are 
ample evidence of the wisdom of this move. 

In addition to the research associates and research 
assistants, there is a group of teaching fellows, on whom 
the Department is relying for much of the teaching in the 
undergraduate courses. The salaries of teaching fellows 
compare unfavorably with the salary scale of half-time 
and full-time research assistants. It is the conviction of 
the Committee that the Institute should provide better 
compensation for the teaching fellows. It is important 
that the morale of these men be high; the salary paid 
should be enough to enable them to live modestly. The 
problem is one which, in the opinion of the Committee, 
merits immediate solution, although the Committee 
realizes, of course, that this action must be co-ordinated 
with similar situations which may exist in other depart- 
ments as well. 

It is not possible, of course, to carry on the work of 
the two major laboratories except with outside assistance. 


The contract between the Institute and the Signal Corps, 
the Air Forces, and the Office of Naval Research supports 
the Research Laboratory of Electronics to the extent of 
$600,000 a year, and the Laboratory for Nuclear Science 
and Engineering is being supported by the Navy with a 
considerably larger sum. This is at once a strength and 
a weakness. It should be recognized, as the Committee is 
sure it has been by the Administration, that there is a 
considerable risk involved in undertakings of these mag- 
nitudes which rely so completely on external support for 
their operation. The second point which must be con- 
stantly kept in mind is that with such large research un- 
dertakings, the primary objective of the Institute, 
namely, teaching, might be lost sight of. The Committee 
is fully cognizant of the wise decisions which have been 
made with respect to these points. 

Finally, the feeling of the Committee is that the whole 
situation is well in hand, that the quality of the work 
being done by the upper classes in experimental physics 
is well advanced, and that the attitude of the entire De- 
partment is one of forward-looking, eager enthusiasm for 
the work of the Department, with a well-balanced atti- 
tude of co-operation with other groups of the Institute. 


Questions on Chemical Engineering 


INCE it last reported to the Corporation, the Visiting 
Committee on the Department of Chemical Engineer- 
ing * has had interim meetings on November 10, 1944, 
and December 1, 1946. The Committee is glad to report 
that the Department of Chemical Engineering has come 
through the hectic war years with improved, rather than 
impaired, efficiency. Practically all the staff members, 
who took a large part in manifold technical activities per- 
taining to the war, have returned to the Institute in spite 
of attractive offers elsewhere. As a result, the Department 
is again well staffed with able young men in whom the 
Committee has entire confidence. Largely through the 
efforts of Bradley Dewey, ’09, chairman of the previous 
Committee, the Department is now occupying and enjoy- 
ing the full use of the new Chemical Engineering Building, 
which for the first time gives it a well-designed and inte- 
grated set of offices, laboratories, shops, and other facili- 
ties needed for Chemical Engineering instruction and 
thesis work. These facilities will permit the Department 
to handle at least 20 per cent more men than was possible 
with the prior setup and to do so with much greater 
efficiency. 

There were three specific questions on which the opin- 
ion of the Committee was solicited. These questions and 
the recommendations of the Committee are as follows: 

(1) Should the various Courses, such as Chemical En- 
gineering, for which the demand is unusually heavy, be 
permitted to place limitations on the number of those 
entering the sophomore or junior year of these Courses, 
as was the practice before World War II? 

In present circumstances, when the Institute as a whole 
is required to impose very severe restrictions on the num- 

(Continued on page 48) 


* Members of this Committee for 1945-1946 and 1946-1947 are: 
Robert E. Wilson, 16, chairman, Lammot du Pont, ’01, John W. 
Livingston, 18, George O. Curme, Jr., and Harry C. Wiess. Percy C. 
Keith, Jr., ’22, and William Welch were also members for 1945-1946. 
Charles A. Thomas, ’24, and Frederic W. Willard are on the Committee 
for 1946-1947. 
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How many times 





each day does 
she open it? 


IELD tests made by General Electric refrig- 
erator specialists show that a refrigerator 
door is opened 35 to 70 times a day, depending 


on the size of the family. 


They need to know figures like these so that 
they can determine what will be required of 


G-E refrigerators over many years of use. 





To make sure the door will give good service, 
for example, a robot testing device at the com- 
pany’s Erie, Pennsylvania, plant tirelessly opens 
and closes a G-E refrigerator as many times as 
the average family does over a 25-year span. 
Other tests check each unit for leaks, measure 
the parts to within a millionth of an inch, sub- 


ject the finish to systematic torture. 


By building with precision and testing with 
care, General Electric makes sure that every 
G-E product you buy will serve you long and 
faithfully. 


You can put sabe congidence in 
GENERAL @ ELECTRIC 
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ber of entering students, the Administration has not 
favored the reinstatement of prewar limitations on the 
numbers who would be permitted to take the more popu- 
lar courses. As a result, the Chemical Engineering Depart- 
ment currently has about 70 per cent more students than 
it had before World War II, whereas its facilities were in- 
creased by about 20 per cent. The unusually large enroll- 
ment in Chemical Engineering this year has not consti- 
tuted an undue burden because most of the increase is in 
the lower classes, whose numbers are taking relatively 
little professional work and no thesis work. If, however, 
this rate of increase is allowed to continue, the Depart- 
ment and the Committee believe that it will seriously im- 
pair the quality of the work the Department is able to 
accomplish. Just as the Institute must limit its numbers 
to keep from being overwhelmed, the Committee believes 
that the individual Departments should be permitted to 
impose reasonable restrictions on the number entering 
their Courses, giving due weight to the emergency situa- 
tions confronting M.1I.T. in common with all educational 
institutions. By channeling more students into the less 
crowded courses, a limitation on the number of students 
to be enrolled in especially popular courses might provide 
a means by which M.I.T. could efficiently accommodate 
a larger number of students. 

(2) After the present emergency peak has been passed, 
does the Committee favor limitation of the number of the 
students in the Department to the number for which the 


present buildings were designed (representing an increase 
of 20 per cent beyond prewar enrollment)? 

While staff members of the Department were inclined 
to favor such a postemergency limit, the Committee is of 
the opinion that both the supply of qualified students and 
the demand for M.I.T. Chemical Engineering graduates 
will be at least double the prewar demands for many years 
to come. Even this does not include prospective expanded 
demands for graduate courses from foreign sources and 
from our own Army and Navy. The Committee recog- 
nizes that there are advantages in limitation of size which 
enable a closely knit group of men to develop better esprit 
de corps. At the same time, the Committee feels that the 
Department will not be doing the best over-all job it can 
for prospective students (or for science and industry) if it 
does not make its plans to care for more than a 20 per cent 
increase from the prewar levels. The serious difficulty in 
securing the capital funds for expanding the facilities of 
this and other departments of the Institute is recognized 
by the Committee. It is suggested that by using certain 
facilities for a larger number of hours during the day, by 
making provision for fuller operation of the Institute 
facilities during the summer, and with necessary expan- 
sion of the staff the Department can provide outstanding 
Chemical Engineering education to a substantially larger 
number of students than the proposed 20 per cent in- 
crease above prewar numbers. The day has probably 
passed when there is justification for operating the very 
expensive facilities of our technical schools on the basis of 
seven or eight hours a day, in many cases for only 36 
weeks a year, although teaching must not be adversely 
affected by more efficient use of physical facilities. 

(Continued on page 50) 
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SIZE CONTROL CO. 
2528 Washington Bivd., Chicago 12, Illinois 
Phone: Monroe 6710 


Originators of REVERSIBLE THREAD 
GAGES that combine maximum economy 
with precision. Still in service are Size Control 
reversible plug gages that have been ground 
back three times on leading edge at both ends 
+++ Six gages in one at no extra cost! 


REVERSIBLE PLUG GAGES 





(Pat. appl. for) 
Threaded 
Plain 

Plug Gages Ring Gages Measuring 
Plain Reversible Plain Ring Jires 
Thread Reversible Thread Ring Thread Wires 
Taper-Flat- Taper- Gear Wires 

pecial pecials Special Wires 


Tool Steel - Chrome — Tungsten Car- 
bide — Stellite — Sapphire — Gage Sets 
Drill Sets - Number Sets — Fractional 
Sets - Dowel Pins - Centerless, 


Thread, Cylindrical Grinding. 











WALSH PRESS & DIE CO. 
4755 W. Kinzie St., Chicago 44, Illinois 
Phone: Esterbrook 6700 


HIGH PRODUCTION INCLINABLE PUNCH PRESSES 
6 to 80 tons capacity 





WALSH POWER 
PRESS SAFETY 
DEVICE with 
non-repeating at- 
tachment... saves 
fingers and hands 
... can be fitted 
to any make of 
power press... 
simple, foolproof. 


PUNCH PRESSES - KICK PRESSES 
- DEEP DRAW PRESSES - SAFETY 
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WACKER SALES DIVISION 
35 E. Wacker Dr., Chicago 1, Illinois 
Phone: Central 0375 
Complete Gaging Source in 
ILLINOIS —- WISCONSIN - IOWA 
area for 
B. C. Ames Co. 
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“1 help make 
your telephone service 
the world’s best’’ 


“Long before most of you were born—back in 1877—I 
started making telephone equipment for the nation. 


“As the manufacturing and supply member of the Bell 
Telephone team, I’ve always had a lot to do with making 
your service the world’s best—at the lowest possible cost. 


“The close teamwork made possible by my being a part 
of the Bell System was never more important than today— 
in helping to meet record demands for telephone service. 


“My name is Western Electric.” 


MANUFACTURER... PURCHASER... DISTRIBUTOR... INSTALLER... 


> 

of 43,000 varieties of supplies of all of telephone of telephone 

of telephone kinds for telephone opporatus and central office CC ial 
companies. supplies. equipment. 2S 
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UNIVERSAL JOINT 


DESIGNED BY CURTIS — 
MADE BY CURTIS... 


to meet a specific demand for a light duty 
quality joint where cost is a prime factor. 


Utilizing an ingenious patented design, 
Curtis Engineers have developed a ball-type 
universal joint that combines reduced friction 
with lower production costs. These lower 
costs are being passed on to the user. 

Many universal joint applications do not 
demand heavy duty, higher priced joints. If 
your pro is transmission of light torque 
loads around corners, or from one member to 
another which is slightly out of line, this new 
Curtis ball-type universal joint is the solu- 
tion, with considerable savings in cost. 
Specifications: — Curtis Ball-Type Universal 

Steel forks bearing on a bronze ball, with heat-treated 
centerless ground pivot bearing pins. Large pin pro- 
vided with oiler to enable proper lubrication of all bear- 
ing points. Ball surface ean minimum of friction loss, 
insuring long life for light load transmission or for hand 
operated controls. 

Available now in 1” and 34” sizes — 
other sizes in production. 


DEPT. B-5 


CURTIS UNIVERSAL 


JOINT CO. Int. 
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(3) Should the Department of Chemical Engineering 
co-operate with other departments in establishing a 
graduate course in nuclear engineering? Such a course 
would probably combine several months of specialized 
training with a practice school type of work in connec- 
tion with a plant such as Oak Ridge, or Hanford, or pos- 
sibly with one of the regional nuclear laboratories. 

After considerable discussion, and with the concurrence 
of Charles A. Thomas, ’24, who is particularly familiar 
with these fields, the Committee recommends that the 
Chemical Engineering Department co-operate with other 
Institute departments in offering such a course as soon 
as the necessary details can be worked out. 


More Men; More Homes 


HE Visiting Committee on the Department of Build- 

ing Engineering and Construction* met with the 
staff on January 10, 1947, at the Institute. It reviewed the 
report of the previous Visiting Committee, which met on 
January 8, 1945, and was pleased to find that several of 
the recommendations of that Committee had either been 
adopted by the Administration or were in the process of 
fulfillment. The establishment of graduate work in the 
Department leading to the degree of master of science in 
Building Engineering and Construction was reviewed and 
approved. 

The present curriculum of the Department was dis- 
cussed, and the recommendations recently made to the 
Undergraduate Courses Committee for extension of the 
time allotted to the subject of materials were approved as 
desirable. With these changes the curriculum seems to be 
quite fundamental and broad and to possess all the char- 
acteristics of a sound, basic engineering course, as well as 
the necessary professional subjects to train students for 
some phase of the building industry. 

Provision is made for graduate study in the fields of 
structural design, materials of construction, and building 
management. Students who elect to pursue studies in 
these fields should be well equipped for engineering, for 
work in the field of materials of construction, or for build- 
ing management. It is the wish of the Department that 
programs of graduate study include approved graduate 
courses in such subjects as mathematics, theory of elas- 
ticity, theory of structures, photoelasticity, structural 
laboratory, chemistry, physics, and business administra- 
tion, depending upon the field of interest selected by the 
student. The Committee recommends that the quota of 
graduate students assigned to the Department be in- 
creased in so far as commensurate with the number and 
quality of staff members who may be appointed in the 
future. The Committee feels it is highly desirable that the 
Administration give due consideration to such expansion 
when it is needed. 

The increase in registration in the Department follows 
a general pattern of increase in all Departments at M.I.T. 

(Continued on page 52) 
* Members of this Committee for 1946-1947 are: Harry J. Carlson, 


92, chairman, John H. Hession, ’13, Percy Bugbee, ’20, Francis A. 
Barrett, ’24, Thomas D. Cabot, Lou R. Crandall, and Henry R. Shepley. 
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History-making boiler plants 


V isualize a typical home-heating boiler 
and then imagine the kind of heating 
plant the Empire State Building would 
require. Now really let your imagination 
go and conceive a single central heating 
plant that would heat not only the 
Empire State Building but also the 
Chrysler Building, Radio City, Grand 
Central Station, Pennsylvania Station, 
the Waldorf-Astoria, the Commodore 
and literally hundreds of other struc- 
tures — theaters, department stores, 
hotels and commercial buildings of all 
types and sizes. 

Yet that job is the routine task of the 
Kips Bay Station of the New York 
Steam Corporation . . . the largest 
central heating plant in the world. 


Perhaps the most surprising thing 
about Kips Bay is that it does its huge 
job with only five boilers . . . three 
were installed in 1926 when the station 
was built, the fourth went into service 
a year later and the fifth in 1930. All 


No. 3 
mae Kips Bay Station — 


NEW YORK STEAM CORPORATION 





five boilers were designed and built by 
Combustion Engineering. 


At the time the fifth boiler was pro- 
jected, steam demand was increasing 
rapidly and the objective was maximum 
capacity from the available space. C-E 
met this objective by designing a boiler 
which, while occupying the same build- 
ing area as each of the original boilers, 
was capable of producing nearly three 
times as much steam. Shortly after its 
installation this boiler set a new record 
when it averaged more than 800,000 
pounds of steam per hour for a full 
month of continuous operation. 


The association of C-E equipment 
with Kips Bay and many other boiler 
plants that have made history in the 
field of steam generation speaks for 
itself. The experience, special skills and 
advanced engineering which have 
brought about this association are ap- 
plicable to your steam problems, 
whether your plant be large or small. 








These three factors are the unwritten 
plus-values in every C-E contract — 


Knowledge — to solve today's, 
and tomorrow's, steam generating 


problems. 





Experience— to interpret, from a 
world-wide background in every im- 
portant industry, the specific needs of 


each installation. 


Facilities —to manufacture com- 
plete steam generating units for every 
capacity from 1000 pounds of steam 


per hour up to the largest. B-140 


COMBUSTION 
ENGINEERING 





200 MADISON AVENUE + NEW YORK 16, N. Y. 








THE INSTITUTE GAZETTE 
(Continued from page 50) 





The Committee calls attention to the fact that the de- 
mands for graduates with the training provided by the 
curriculum will be high for quite a number of years be- 
cause of the tremendous backlog of construction work. 
Because of present trends of construction it is highly 
desirable that a considerable number of trained men be 
fed into the industry from courses such as this. To do this 
means that the quota for the Department be raised to 
20 or 30 per year and held at not less than 20 for some 
time to come. This in turn will, of course, mean some 
increase in staff as soon as competent men can be found. 
The Committee is particularly impressed with the fact 
that the present staff combines technical training with 
practical experience to a high degree, and any additions 
to the staff should continue that trend. 

A review of the departmental research projects indi- 
cates that the staff is cognizant of the fundamental im- 
portance of research in the fields of materials and meth- 
ods. It is hoped that open researches of the type now 
being conducted by the staff in the Department will con- 
tinue, so that the Institute may be a place of advanced 
study in the various fields of the industry. 

The Committee reviewed the space requirements in the 
Department as presented to the Administration under 
date of November 15, 1945, with subsequent revisions. 
With increased registration and the growth of graduate 
work it is important that the suggested space require- 


ments be given consideration. The Committee recom- 
mends that the masonry materials research laboratory be 
expanded as soon as possible. With the expansion of en- 
rollment it is highly desirable that additional space be 
made available for drafting purposes. The plastics mate- 
rials research now being carried on in a temporary build- 
ing is a continuing study which will justify the establish- 
ment of permanent space. The Committee assumes that 
the Administration is aware of these suggested space 
requirements for the Department and urges that they be 
given careful consideration. 

It has been the intention of the Department, as re- 
viewed by several Visiting Committees, to attempt the 
inception of a building construction and materials exhibit 
somewhere on the property of the Institute. The Com- 
mittee is sympathetic with the general purpose of such 
an exhibit and suggests that it include not only actual 
construction projects for the training of students but also 
areas in which materials and their uses (as well as various 
details in the accomplishment of certain objectives) be 
exhibited. Usefulness of this exhibit to the students in 
Courses I, IV, and XVII, as well as to the architects, 
engineers, and contractors of Greater Boston, and to the 
general public, cannot be overlooked. Such an exhibit 
under the management of the Institute would be highly 
desirable. The Committee felt that the actual cost of 
constructing and furnishing materials and labor for the 
building and the exhibits therein could, and should, be 
carried by industry, but that the Institute should make 
land available as well as furnish the light, power, and 
general supervision of the project once it has been started. 

(Continued on page 54) 


Santa Fe Railway—Cajon Pass, California 
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Cost of Heating 


When a hospital spends in the neigh- 
borhood of $30,000 annually for fuel 
oil, that’s big business. It calls for a 
“controllable” steam heating system 
and careful heating plant operation 
to effect maximum economies. 

The outstanding heating record of 
the new Delaware Hospital began 
with a Webster Moderator System 
designed by the well known New 
York engineering firm of Jaros, Baum 
and Bolles. Itincluded installation by 
a competent heating contractor. 

Continuity of operating experience is 
provided by Chief Engineer Carl A. 
Baehr, who has been with the new 
Delaware Hospital from the begin- 
ning. Let Mr. Baehr tell you about 
some of the heating economies. 


Only 3 Traps Replaced 

in 7 Heating Seasons 
“Out of 1,981 Webster Radiator 
Traps in use, only three have required 
new thermostatic interiors in seven 
years of service. The Webster Radia- 
tor Supply Valves have been com- 
pletely satisfactory. 
“We receive no more than six legiti- 
mate heating complaints a year, and 


correction is always promptly made. 


Good Operation Saves 

During fuel rationing we effected a 
number of operating economies. 
Stairway radiators were turned off. 
Radiators in the clinics, X-ray lab- 
oratory, solariums and business 
office were shut down at 4 p.m. and 
turned on at 8 a.m. This manage- 
ability is characteristic of modern 
steam heating systems. 


“Sometimes an “unusual amount of 
heat is required in a particular room 
for a limited time. Instead of turning 
the Variator to full heat with conse- 
quent overheating of other rooms, 
we remove the Webster Metering 
Orifice from the radiator supply 
valve in less than three minutes. 
Later it is replaced.” 


The Delaware Hospital was only par- 
tially completed at the time fuel ra- 
tioning went into effect. It was 
estimated that the completed Hos- 
pital would require 620,000 gallons 
of fuel oil per year. Based on this 
estimate, the fuel rationing board 
allotted 500,000 gallons of oil per 
year for all purposes— heating, steril- 


Delaware Hospital, Wilmington, Delaware 
Heated by 6-zone Webster Moderator System of Steam 
Heating. Completed in 1942. Unit No.1, center, occu- 
pied in 1940. Architects: Massena & duPont, Wilming- 
ton. Consulting Engineers: Jaros, Baum & Bolles, New 





York. General Contractor: Turner Construction Co., 
Philadelphia. Heating Contractor: Benjamin F. Shaw 
Co., Wilmington 


izers, laundry, kitchen equipment. 
Fuel consumption records show that 
the Hospital did not require a supple- 
mentary ration at any time during 
fuel rationing. The Webster Modera- 
tor System saves fuel by keeping 
radiators comfortably warm. Instead 
of 212 degrees, the average surface 
temperature of radiators is 185 
degrees, 150 degrees or even as low as 
90 degrees, depending on the need 
for heat. 

Let Webster experience help you in 
your heating system management 
problems. The service of long-time 
Webster Representatives and the 
performance record of proven 
Webster Heating Systems is a combi- 
nation that means comfort and 
economy. 

WARREN WEBSTER & CO., Camden, N. J. 


Representatives in principal U. S. Cities : : Est. 1888 
In Canada: Darling Brothers, Limited, Montreal 
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The Committee recommends that the Administration 
consider the initiation of such a project. 

The importance of placement training for the students 
in this Department was again discussed and stressed by 
the Committee. The Committee recommended that steps 
be taken as promptly as possible to set up contacts for 
such training during the summers between the academic 
years. It was pointed out that the curriculum calls for 
attendance at summer camp between the second and 
third years of the Course. This makes only the summers 
between the freshman and sophomore, and the junior 
and senior years available for this type of work. However, 
this plan works well with the requirements for the Re- 
serve Officers’ Training Corps camp, which is scheduled 
the first half of the summer between the second and third 
years. Inasmuch as students are not normally required to 
indicate their choice of courses until they register for the 
first term of their sophomore year the summer between 
the freshman and sophomore year does not present as 
feasible a period as could be wished for placement train- 
ing. Nevertheless, the Committee recommends that the 
Department set up placement training between the fresh- 
man and sophomore years for those students who indicate 
their interest in such training when enrolling in the De- 
partment during the freshman year. The main portion 
of placement training would have to be given in the sum- 


mer between the junior and senior years and the plan 
which the Department followed prior to World War II 
should be enlarged in its scope until it becomes possible 
to require one summer of such placement training as a 
part of the curriculum. 

The Committee visited the Solar Energy Building, the 
Building Materials Laboratories, and the Plastic Re- 
search Laboratories, and was impressed with the funda- 
mental character of the work being done in these fields. 
It is hoped that other research projects similar to those 
viewed will be arranged for in the future. 


New Concept of R.O.T.C. 


HE desirability of making some changes in the Re- 

serve Officers’ Training Corps program, with a view 
to effecting better co-ordination of the educational pro- 
grams and aims of the educational institutions with those 
of the Reserve Officers’ Training Corps, was discussed at 
length when the Visiting Committee on the Department 
of Military Science and Tactics * met with officers of 
the Institute and of the Department at the Harvard Club 
of Boston on the evening of December 2, 1946. Thus the 
Committee gave consideration to Reserve Officers’ Train- 
ing Corps matters of national scope, as well as to the more 
specific problems at M.LT. 

(Continued on page 56) 

* Members of this Committee for 1946-1947 are: Thomas C. Des- 
mond, ’09, chairman, Frederick S. Blackall, Jr., ’22, Colonel William F. 
Heavey, ’22, Colonel Benjamin S. Kelsey, ’28, Lieutenant General J. 
Lawton Collins, J. Willard Hayden, and Major General Horace L. 
McBride replacing former member Major General Ira T. Wyche. 
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B ROOKS BROTHERS’ Travelling Representatives will visit 30 places 


during the Fall 1947 season with comprehensive assortments 
of our celebrated Ready-made Clothes and Furnishings. If you live in 
or near one of the cities listed... 
local showing or ordering anything from our representatives.. 
for a copy of our Fall 4947 Itinerary, showing exactly where and 


when our men will be located. 


ibs Bathers 


OFFICERS’ UNIFORMS, FURNISHINGS AND ACCESSORIES 


346 MADISON AVENUE, COR. 44TH ST., NEW YORK 17,N.Y. 
46 NEWBURY, COR. BERKELEY STREET, BOSTON 16, MASS. 


and are interested in inspecting our 


-write 


ESTABLISHED 1818 





SCLOTHINGSL) 


rnishings, Hats ¢ Shoes 


LOS ANGELES * SAN FRANCISCO 






































The growing company soon leaves its own back 


yard. When it does, the diversified consulting 


laboratory is ready to help it explore new areas 


and meet technical and economic opportunities. 


Arthur D. Little, Tne. 


Chemists — Engineers 


30 Memorial Drive 


Cambridge 42, Massachusetts 
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SIMPLEX - ANHYDROPRENE 


A modern design in wire and 
cable construction featuring: 


@ SIMPLICITY 
ANHYDROPRENE construction con- 
sists of a tinned copper conductor, 
ANHYDREX insulation, and a thin 
jacket of neoprene. 


@ IMPROVED PROPERTIES 
ANHYDRExX insulation resists mois- 
ture more effectively than any other 
rubber insulation. The cured-in-lead 
neoprene jacket provides protection 
from oil, acids, sunlight and flame. It 
eliminates the need for outer braids. 
ANHYDROPRENE wires and cables 
are lightweight, have small diameters, 
and can be easily pulled into ducts 
or conduit. 


@ VERSATILITY 


ANHYDROPRENE wires and cables 
can be used for plant and shop wiring, 
instrument wiring, control circuits, 
pole line risers, transformer leads, 
and power circuits. 


SIMPLEX WIRE & CABLE CO. 
79 Sidney St., Cambridge 39, Mass. 




















Hevi Duty Electric Co. 


Surges Transformers 


With the acquisition of the Surges Elec- 
tric Company of Milwaukee, Hevi Duty 
can now offer quality dry type air cooled 
transformers with or without tap chang- 
ing switches as well as special trans- 
formers for special requirements. An 
accelerated program of modernization 
will present opportunities for increased 
production and good delivery schedules. 


Write for Bulletin $-4611 


HAROLD E. KOCH ‘22, President 
ELTON E. STAPLES '26, District Manager, Cleveland 





HEVI DUTY ELECTRIC COMPANY 


RUFCTRIC Exclusively 


ISCONSIN 











THE INSTITUTE GAZETTE 
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In the preparation for modern war, serious considera- 
tion must be given to the needs of research laboratories in 
educational institutions, industrial concerns, and the 
armed forces. The Army’s need is for research personnel, 
well-qualified officers for line branches of the Army, and 
a limited number of graduate engineers and scientists for 
the combat arms, for use in helping to solve technical 
problems arising in connection with field operations. The 
logical source of research personnel for the Army is the 
Reserve Officers’ Training Corps units established in 
technological institutions, which institutions are also the 
logical sources of new technical personnel for industrial 
and educational institutions. It is recognized that the 
assignment of highly trained engineers and scientists to 
organizations in which full use is not made of their tech- 
nical abilities will result in loss to the country of the time 
and energy spent in training such personnel. To meet the 
Army’s needs more satisfactorily, it may, therefore, be 
desirable to establish separate categories of Reserve 
Officers’ Training Corps students, particularly in the 
technical fields. 

The Committee realizes that specialized courses for 
engineering students may not be advisable for every 
engineering Reserve Officers’ Training Corps unit, and 
that probably only some of the larger engineering schools 
may be expected to provide reserve officers especially 
qualified in difficult research and development work. 

In considering these problems, the Committee dis- 
cussed the possibility of eliminating branch designations 
for all officers of the Army. If such a plan should be 
adopted, the Committee feels that officers with definite 
specifications should be developed in the Reserve Officers’ 
Training Corps. For example, one category could be 
construction engineers; another, artillery commanders: 
and a third, highly skilled scientific and engineering 
graduates qualified for research and development work in 
fields in which war-making matériel should be developed. 

It is the opinion of the Committee that if additional 
emoluments are provided for Reserve Officers’ Training 
Corps students, it would be desirable to limit them to 
students in the advanced course. Such a limitation would 
permit available funds to be applied to men already com- 
mitted to entrance into the Corps. 

In view of the foregoing, the Committee recommends 
that the War Department be approached on the subject 
of forming a committee of civilian educators, representing 
leading technical institutions, and members of the Army 
to study the following problems relating to the Reserve 
Officers’ Training Corps: 

(1) The establishment of separate categories of Re- 
serve Officers’ Training Corps students, without regard 
to branch, to provide one group especially qualified in 
high-level research and development work and another 
for duty in positions and organizations whose primary in- 
terest would be administration or operations in the field. 

(2) The desirability of providing a limited number of 
graduate engineers and scientists for the combat arms of 
the Army, for use in helping to solve technical problems 
arising in connection with field operations. 


(Concluded on page 58) 
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No. 717B—6A 
Sizes: 2’ to 6” 


Also available wi 
expanded outlet 


CONTROL VALVES FOR 
Petro-chemical Applications 














MASONEILAN 
“Saar 


Messmer, 

















No. 37 
PERCENTAGE 
PARABOLIC 
Sizes: 1’ to 6” 
No. 38 
PERCENTAGE 
PISTON 
Orifice sizes: 
yy," to ¥%,"’ 


Body sizes: %4’’, 1” 







No. 38 
PERCENTAGE 
V-PORT 

Sizes: 1"’ to 14” 


No matter what the application, temperature, pressure, level and flow, 
there is a Masoneilan control valve designed to meet the requirements 
of the petro-chemical industries. 

Masoneilan control valves are available in a wide range of types and 
sizes from 1%"’ orifice and up. Masoneilan Engineers are available for 


engineering assistance on your control valve problems. 


MASON-NEILAN REGULATOR CO. 


1190 ADAMS STREET, BOSTON 24, MASSACHUSETTS a yl 
ifice sizes: 
New York + Philadelphia «+ Pittsburgh + Cleveland + Chicago + Tulsa + Buffalo + San Francisco lig” to 144" 


4 
St. Lous « Houston » Los Angeles «+ Atlanta + Mason Regulator Co. of Canada, Ltd., Montreal and Toronto Body size: y" 































Time for 
New Products 


Industries looking to the 
future have new prod- 
ucts on the drawing 
board today. Gears for 
the production machin- 
ery and gearing within 
the product can be 
handled most effec- 
tively by the gear ex- 
perts at Diefendorf. 


DIEFENDORF GEAR 
CORPORATION 


bs ’ Syracuse 1, New York 


DIEFEND:O:AF 


SG € AR S&S 








B. I. W. COAXIAL CABLES 
TRADE MARK CO-X 


B. I. W. offers a complete range of types and sizes of 
coaxial cable for high frequency applications: 


— Small flexible, low capacity (5 to 10 uuf/ft.) for 
internal wiring, patch cords, etc. 


— Coaxial and Twin-axial weatherproof cables for 
antenna lead-in and other outdoor uses. 


— Flexible standard synthetic insulated cables for 
electronic apparatus. 


— Heavy duty, high power, flexible or semi-rigid 
transmission line. 


All of the above can be supplied with special fittings 
and junctions for connections to panels or rigid lines. 


BOSTON INSULATED 
WIRE AND CABLE COMPANY 
BOSTON 25, MASSACHUSETTS 




















THE INSTITUTE GAZETTE 
(Concluded from page 56) is 





(3) The development in the Reserve Officers’ Training 
Corps of officers with definite specialties, should branch 
designations be eliminated from the Army. 

(4) The proper application of any increased emolu- 





ments for Reserve Officers’ Training Corps students, by | 


limiting such aid to students of the advanced course, 
senior division. 
The Committee further recommends that the Institute 


make an effort to provide storage space for heavy equip- | 
ment to be used in the advanced course, and that this | 


space be of suitable construction to permit use by a class 
in cold or inclement weather. It is suggested that the 


Institute endeavor to obtain from military reservations | 


in the First Service Command surplus buildings not re- 
quired for housing of personnel, which could be moved 
to M.I.T. for this purpose. 


The Committee further recommends that the Institute | 


provide, either by extension of existing facilities, or by 


new construction, increased space in the Institute rifle | 


range to provide a minimum of 10 firing points. 


AIR POWER RELATED TO 
CONSTRUCTION POWER 


(Concluded from page 28) 


even if reconstruction of existing facilities were to become | 


necessary, the over-all gain would be overwhelming since 


it certainly would be easier to provide soft runways on | 


all our airfields than to make all of them five or ten times 
as strong. Regardless of the type of runway surface re- 
quired, successful development of the track landing gear 
is a desirable goal to attain for economic as well as for 
engineering reasons. Such landing gear would make 
possible the construction of at least five new airfields, 
adequate to support heavy tracked aircraft, at a cost not 
exceeding that now required for one airfield designed to 
support heavy planes of conventional types. In addition, 
airfields could be built by existing methods and tech- 
niques, and the day when larger and heavier construction 
equipment becomes essential for the construction of 
airfields would be postponed. 


Mobility and Flexibility Insured 


In summary, expanding air power depended upon and 
was made possible by increasing construction power em- 
ployed in its direct support. In the future, factors of 
strategy and economy are likely to force the development 
of even larger aircraft, wherein the limiting factors appear 
to be related to pavement, tire, and landing-gear prob- 
lems. Until these problems are solved, the mobility and 
flexibility of our strategic air arm will be restricted. The 
solution appears to lie in concentrating aggressive re- 
search on the development of stronger and more durable 
pavements, and improved landing gear for aircraft; and 
in maintaining, within the regular and civilian compo- 
nents of the United States Air Force, a construction or- 
ganization second to none in professional competency, 
and capable of accomplishing the rapid construction of 
suitable air bases on our strategic frontiers when, and 
if, needed. 
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Mr. Johnson Newtonville, Mass. 












These are comments 
selected at random from 
500 replies received in a 
recent survey among Packard 
Clipper owners. 


VENTALARM Whistling Fill 
Signal is standard equipment on 
fifteen makes of automotive vehicles. 


[In the oil heating field, over 
1,000,000 homes are now 
equipped with Ventalarm 
installation. | 


SCULLY SIGNAL COMPANY 


88 FIRST STREET, CAMBRIDGE, MASSACHUSETTS 








THE 

MURRAY 
PRINTING 
COMPANY 


A CO, mplete Printing Ostia 
Letterpress 33 feet 38 pS, See 


18 AMES STREET 
CAMBRIDGE 





TRADE MARK 
~ pd 


“rn 
REGISTERED U S PAT OFFICE 


Hevi Duty Electric Co. 


Electric Heat Treating Furnaces 
Surges Dry Type Transformers 


MILWAUKEE 1, WISCONSIN 


Hevi Duty Precision Electric Heat 
Treating Furnaces are built in a large 
variety of types and sizes — for many 
heat treating operations — with tem- 
perature ranges to 2500° F. (1371°C.). 
They are standard production equip- 
ment in many national industrial plants. 


Write for descriptive bulletins 
HAROLD E. KOCH ’22, President 


ELTON E. STAPLES °26, District Manager, Cleveland 





HEVI DUTY ELECTRIC COMPANY 


EV eLectaic Exciusively 
‘4A, WISCONSIN 











RESEARCH FOR EDUCATION 
(Concluded from page 31) 


from academic duties to undertake the research. Out of 
approximately 200 academic staff members working part 
time on sponsored research, less than 20 are receiving 
supplementary compensation. Those who receive this 
extra compensation agree, for the period they receive it, 


to forego their privilege of engaging in outside consulting. | 


Other Sponsored Research Policies 


Other more detailed tests which are applied to spon- 
sored research at M.I.T. include the following: 


(a) Some department or group of departments (or an | 


academic organization such as the Research Laboratory 
of Electronics) must be willing to accept responsibility for 
the project and must have available senior staff members 
who are free and willing to oversee the project. Contract 
research is thus under the jurisdiction of the academic 
departments. 

(b) It must be possible to staff the project in accord- 
ance with the Institute’s prevailing personnel policies. 

(c) It must be possible to staff the project without 
handicapping the educational program either by over- 
loading the staff or by diverting from the educational 
program the proper amount of attention and interest. 


nro 


AME ROT 


— 


(d) The project must come within the volume of re- | 


search (measured in dollars, space, personnel, and re- 


quired amount of administrative attention) which the | 
Institute can appropriately undertake. It must fit into a | 
balanced over-all program and it must be of sufficient | 


importance and interest to be taken into the Institute. 
(e) Final approval of the project rests with the aca- 
demic dean who has jurisdiction. If the project is border- 


line and the dean has doubts whether it meets the tests | 
and principles laid down, he will bring it before an | 


administrative committee composed of the president, | 


the vice-president, the dean of engineering, the dean of 
science, and the director of the Division of Industrial 
Codéperation. 

Reduced to a single statement, these principles say 
in effect that the consideration, acceptance, and priority 
of any sponsored research project are governed by 
the extent to which the proposed activity will carry 
forward the educational objectives of the Institute. 
Only under conditions of great emergency will projects 
be accepted which do not contribute to the advancement 
of educational objectives or of scientific knowledge or 
of engineering art. We believe that only by strict ad- 
herence to these principles can a large volume of spon- 
sored research be undertaken and still retain the integrity 
of M.I.T.’s educational program. We believe further, 
however, that sponsored research can be carried out 
in conformance with these general principles. 

In conclusion I would reiterate that research, aimed 
at advancement of knowledge or development of its 
practical applications, is both a method of advancing 
knowledge and a method of teaching and that it must 
be both when carried on in collaboration with students. 
In meeting this educational test our research programs 
must also help to create that subtle kind of environment 
where scholarship and creative activity flourish and great 
minds feel at home. The creation of this environment is 


| a major task of our engineering institutions. 
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Are You Making the Best Use of 


Your Life Insurance? 


The cash received from your insurance does not in 


itself guarantee protection for your heirs. It must be 





ZA A 7. Wisely invested to produce a regular income in order 
ZF CF UA Ze : . ‘ : 
Z to provide its maximum usefulness. The insurance 
BZ 


\ 


companies themselves offer certain options for paying 


\ 

) 
AN 

’ 


out the proceeds of policies on an installment or 
annuity basis, or for paying interest on the proceeds. These options are 
desirable in many cases. But often it is preferable to have a more flexible 


arrangement to meet special conditions. 


In such cases a Life Insurance Trust, created to receive the proceeds of 


your policies, can contain the discretionary provisions you desire. 


Other property may be added to such a trust so that it may become the 


principal means of managing and distributing your property. 


We invite your inquiries. 


She 
New England Trust Company 


135 DEVONSHIRE STREET 


At the Corner of Milk Street 
BOSTON 7, MASS. 


Member Federal Reserve System 




















Styles for young men, 
and men who never grow old 


Good for years— and smartly styled — for you— 
whatever your years! 

Finest imported and domestic woolens. 

The smart individual styling of the modern 
Rogers Peet. 

Our own careful, unhurried tailoring. 

An investment in years of wearing pleasure —a 
worthwhile investment thanks to the Values created 
by the scale of our operations. 


** Perfect fitting’* is another 
experience you will enjoy here. 
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lmbiany” 


Vlakers f Hine Clottees 


In New York: And in Boston: 
Fifth Avenue Thirteenth St. Warren Street Tremont St. 
at 41st Street at Broadway at Broadway at Bromfield St. 











OXYGEN FOR INDUSTRY 
(Continued from page 35) - 








gasification to possible large-scale commercial realization 
in the United States. Interest lies both in the manufacture 
of gas at mine mouth with a volumetric heating value 
high enough to warrant pipe-line transmission, and in the 
utilization of coal for the production of “‘synthesis gas” 
to be converted into liquid fuels. Utilization of the 
principle of the fluidized catalyst bed, developed in the 
United States (“jiggling” as the devotees call it), seems 
likely to play an important part in both the coal-gasi- 
fication and the conversion stages of these developments 
and is already being extensively studied in pilot-plant | 
operations. 
Progress in methods for producing low-cost, high- 
purity oxygen is of much more than academic interest, / 
and already plans have been developed to manufacture | 
low-cost, high-purity oxygen on a large scale. It is re-| 
ported that, as a result of co-operative studies made by | 
the Standard Oil Company of New Jersey and the 
Pittsburgh Consolidation Coal Company,® these com- 
panies plan to build a $300,000 pilot plant at Library, 
just outside of Pittsburgh. The pilot plant will have a 
daily yield of almost 2,500,000 cubic feet of gas from 
about 50 tons of coal. In the development of their | 
Hydrocol process for economically producing natural gas 
from gasoline, Hydrocarbon Research, Inc.® also plans to | 
produce about 40,000,000 cubic feet of high-purity 
oxygen daily by separation from air. The Synthol projects, 
Carthage Hydrocol, Inc. and Stanolind Oil and Gas 
Company, are also expected to be in operation soon. 
While all this is happening aboveground, fires are | 
burning underground in experiments on the conversion of 
coal to gas without mining. The Russian experiments, 
frequently in the press, have successfully used the alter- 
nating “blow with air — run with steam” technique of 
the water-gas process. Experiments in this country are 
being conducted by the Bureau of Mines and the Alabama | 
Power Company at the Gorgas Mine near Jasper, Ala. 
After the general technique has been worked out, cheap 
oxygen might well be the key to the successful com- 
mercial operation of such underground gasification proj- 
ects. Already it has been found that oxygen-enriched 
air improves the producer-gas type of operation being | 
studied in Alabama. 


Other Possibilities 


Important as they may turn out to be, these schemes 
for coal gasification both above and below ground will | © 
not solve all of coal’s problems, since without extra- 
ordinary transformations in our economy, solid coal 
will still be required for running most of the railroads, 
for making coke with which to make iron and steel, and 
for other fuel uses at locations not economically reached 
by gas pipe lines. New methods of mining are being 
studied to help solve some of the other problems, and 
while oxygen will not be involved directly, the resulting 
lower-cost coal may affect processes in which cheap 
oxygen will play a role. 

(Concluded on page 64) 

8 “Coal,”’ Fortune, March, 1947. Bland, William F. “Gasification of 
Coal May Foreshadow New Industry Replacing Oil Refineries,” Na- 
tional Petroleum News, April 2, 1947. 

® Keith, P. C., “Gasoline from Natural Gas,” Oil and Gas Journal, 
June 15, 1946, p. 102. 
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I inet this particular Major at “Willow Run’”— that 
gigantic officers’ mess in the Grosvenor House hotel 
in London. 


He had just come back from duty in Germany, and 
we happened to relax near the same sofa on the bal- 
cony lounge. After the usual Army talk, the conversa- 
tion sagged. To fill in, I asked him what he had done 
in civilian life. 

I expected a one-word reply — but I got a $64 answer. 


“IT started out as an accountant,” the Major said. 
“Worked at it for six years, but I was getting nowhere 
—and too slowly. So I decided I'd better dig in and 
figure out the next move. Being the methodical type, 
I wrote down my specifications for the ideal job. Well, 
first I wanted to be my own boss and be able to knock 
off for a little sailing or fishing when I felt like it. 
Then, I wanted my work to pay off to me in person. 
And I didn’t want any slow moves up a ladder, or a 
business that needed a big investment to start. 


“Doesn't that sound sort of impossible? But I stuck 
at it and checked off a long list of careers against my 
specifications. 

“Only one job promised to fill my bill. It was — to my 
complete surprise—life insurance. Now I had never sold 





anything, mind you, but if selling was the one way to 
a combination of freedom and income, I would cer- 
tainly try it. My company gave me a practical training 
course, and within a year I made just twice what I 
figured I’d be lucky to be making by that time. A 
good week of work meant good checks, and the re- 
newals made every week’s work pay off for years after- 
wards — something that’s coming in mighty handy 
for my family right now while I’m away. 


“That's how I got what I wanted. But oddly enough, 
it was something I hadn’t planned on at all that made 
my job the best one in the world for me. It was the 
conviction that I was helping other people get what 
they wanted . . . independence, security. If you could 
visit just one of the families that are now living com- 
fortably because of the life insurance I sold a young 
father, you'd know what I mean.” 


p.s. Perhaps the Major’s story can answer some of 
your career questions. It is typical of many service 
men who are now back with New England Mutual. 
For more facts and figures, write Mr. H. C. Chaney, 
Director of Agencies, New England Mutual Life 
Insurance Co., 501 Boylston St., Boston 17, Mass. 
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Multi-Position 
Programming 
Float Control 
Write for 
Bulletin 940 


The 940 is ideal for complex control of multi- 
pump installations. Any desired number of start- 
ing and stopping positions for each pump. Any 
sequence of operation — more uniform flow 
through use of maximum number of pump 
combinations. 

Other types of Roto-Trol Float 

Controls are also available 


Water Level Controls Division of 
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D. W. C. RUFF '07, President 
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GAS... LIQUID. . . SOLID (Dry Ice) 


THE LIQUID CARBONIC CORPORATION 
3100 South Kedzie Avenue, Chicago 23, Illinois 





U.S.A. 


28 Producing Plants 
More than 50 Distributing Points 


CANADA 


Halifax to Vancouver 


OVERSEAS 


England, Cuba, Mexico, Venezuela, 
Colombia, Trinidad, Brazil 









OXYGEN FOR INDUSTRY 
(Concluded from page 62) 


Of necessity this survey has been confined to a review 
of the larger new prospective uses for oxygen in industry. 
But many other important, if smaller scale, uses for this 
gas will undoubtedly be developed when oxygen of high 
purity is commercially available at low cost. The lower 
cost and high purity which modern methods make pos- 
sible open up increasing uses for oxygen in old appli- 
cations through the perfection of new techniques. 
Additional uses for oxygen may be expected in oxygen 
therapy, in the manufacture of explosives, in supplying 
secondary fuels in propulsion devices. We may also expect 
the mines to use large quantities of low-cost oxygen for 
the fusion piercing of taconite beds. This new method 
of making vertical blast holes may be of the greatest 
importance in the commercial use of the iron ore reserves 
on which this country may have to depénd when the 
more accessible ores of the Mesabi Range are exhausted. 





THE TREND OF AFFAIRS 
(Concluded from page 23) 





education and research studies are highly intriguing. 
Certainly any means which furthers the ability to visu- 
alize relationships expressed analytically, or which facili- 
tates physical interpretation of mathematics will appeal 
to students of science and engineering. 

Research attained an all-time high during the war when 
2,250 laboratories financed by private enterprise were in 
operation. The full weight of the results of research thus 
conducted is not expected to be felt for several years. 
Most of the development was carried out by large firms 
whose products and processes will probably undergo sub- 
stantial changes during the next few years. But when 
better and more useful products become available, the 
consumer, and those who carried out research, will be 
among those to gain most by past investigations. 

Nonflowing, finely divided metal powders can be made 
to flow by waterproofing the individual particles. Con- 
densation of moisture on the metal particles has been 
found to cause them to flow slowly, erratically, or, in 
some cases, not at all. In experiments, finely divided 
iron powder, typical of that generally considered un- 
suitable for metallurgy, was treated with a vapor of 
methyl chlorosilanes which increased the flow rate to 80 
per cent of that for a standard silicon carbide powder. 





SWISS AUTOMATICS 
Rebuilding and Tooling Service 


We have trained personnel and facilities for com- 
plete rebuilding and tooling of your Swiss Automatics 
and other type Swiss Machines. 

YOUR INQUIRIES ARE INVITED 


BORIS M. VOLYNSKY MFG. CO., INc. 
311 West 66th Street New York 23, N. Y. 
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Safe ... but are they Sound ? 


Sound investment management today is more than 
a full-time job for one person. 

To make sure the securities you own are those of 
well-managed enterprises in forward-looking fields 
calls for teamwork by many persons thoroughly ex- 
perienced in research and analysis. 

No individual investor could hope to find the time 
to visit in person the managements of companies 
scattered throughout the United States . . . to gauge 
the progress of the arts and sciences as they may 
affect a particular concern or industry .. . or to sift 
the mass of available financial and business data. 

When you open an Investment Management Ac- 
count with Old Colony Trust Company, you obtain 
the services of an experienced team, constantly work- 
ing for your investment guidance. 

A request for our booklet, “INvEstMENT MANAGE- 
MENT,” will bring you information on our investment 
services. 





















WORTHY OF YOUR TRUST 


OLD COLONY 


TRUST COMPANY 
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T. Jerrerson Coo.iwce, Chairman, Trust Commitice 
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tion of the customer to return 
to the place where he has been 
| served well— 


U. S. Supreme Court. 
TO OUR FRIENDS 


We do not believe chat any advertising copy man could have penned a 
neater and more trenchant definition than this decision of the Supreme 


Court. 
It happens also to be the verdict which our customers have reached 


oy their relations with us. Y 

our specific problems in technical reproduction work from the 
lowly blue Dee to the complicated offset printing of an engineering 
manual, will find their happy solution with us. 


ELECTRO SUN COMPANY, INC. 
Blue Prints — Photo Prints — Photo Offset 
161 Washington Street 157 Chambers Street 
Grand Central Terminal Building 
NEW YORK, N. Y. 
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TECHNOLOGY MEN ... 


CAMPUS ROOM 
The Graduate House 


Technology’s Social Center 
is the 
HOME FOR YOUR 
CLASS FUNCTIONS 
an 
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Address: H. K. DOW 


THE GRADUATE HOUSE 
M. I. T. 


Cambridge 38, Massachusetts 
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COLLOIDS IN SCIENCE AND 


INDUSTRY 
(Continued from page 37) 
reaction of the silver ions with the bromine ions located 
in the surface of the particle, as shown in Fig. 1. Now it is 
exactly this phenomenon which is the basis for many very 
important industrial processes and applications. 

A few examples are here pointed out. The surface 
charges which are carried by most dust particles, or small 
liquid globules, are used to good advantage to purify the 
air which otherwise would escape through the chimneys 
of industrial plants. Removal of smoke, dust, or other fine 
particles is accomplished by setting up a high potential 
electrostatic field in the chimney. The electric field is 
created by placing one electrode in the center of the chim- 
ney and the other electrode on the inside of the flue, and 
then applying a steady high voltage between these elec- 
trodes as illustrated in the diagram of the Lodge-Cottrell 
precipitator, Fig. 2. Flue particles which have a positive 
surface charge are collected at the cathode (or negatively 
charged electrode) whereas oppositely charged particles 
are collected at the anode. The removal of colloidal parti- 
cles by this method is quite effective. 

If a sheet of nickel is brought into contact with oxygen 
and carbon monoxide at a slightly elevated temperature 
nothing astonishing will happen. If the nickel is in the form 
of colloidal powder, however, carbon dioxide is formed 
by a process which chemists call heterogeneous catalysis. 
Again, as indicated in Fig. 3, it is the surface charge of 
colloidal particles which is responsible for formation of 
the new compound. A solid piece of coal placed in the 
mouthpiece of a gas mask would offer no protection to 
the person wearing it during exposure to poison gas. But 
if only a fraction of the carbon is used in the colloidal 
state, protection against poison gas can be achieved for 
several hours. As indicated by Fig. 4, the greatly increased 
surface of colloidal carbon particles is capable of removing 
particles of poison gas by virtue of the surface charges 
for the two particles. The effectiveness of certain clays 
and many synthetic resins, used for various purposes of 
purification, is based on the same phenomenon. The lives 
of many men, forced to abandon ships or planes at sea, 
have been saved by supplying them with cartridges filled 
with such substances through which sea water could be 
passed and made drinkable. 


Seeing Is Believing 
In the strictly scientific field colloid chemistry has also 
some very interesting and important contributions to 
report. Probably the most exciting and possibly far- 
reaching one is the application of a new ultramicroscopic 
technique in the study of elastic colloids, such as rubber 
and the synthetic plastics. This new development, which 
originated at M.I.T. and on which efforts are now being 
continued in collaboration with the Midwest Rubber 
Reclaiming Company, is based on work done several 
years ago with the electron microscope in the Institute’s 
Department of Biology in collaboration with the Depart- 
ment of Chemical Engineering. The new technique, in 
which incident light is applied to an ultramicroscope, as 
shown in Fig. 5, permits direct visual or photographic 
study of the effect of time and temperature on substances 
exhibiting elasticity either at normal or at elevated 
temperatures. The changes which take place with time in 

(Concluded on page 68) 
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cA Report. 
TO M.LT. MEN 


In 1917 Walker Memorial Building was opened, a 
gift from Alumni for the welfare of M.1.T. students. 
In addition to including offices for student activities 
and serving as a student social center, this building 
houses the dining service. 


In 1946-47 nearly one million meals were served to 
staff and students. Mors: Hall seats approximately 
500 people. Thus, each chair served 2,000 people per 
year or 5.5 persons per day. We thank the Alumni 
for making these services possible. 


WALKER MEMORIAL 
DINING SERVICE 


« MLT. e 


CAMBRIDGE 39, MASSACHUSETTS 
A. W. BRIDGES, Manager 
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COLLOIDS IN SCIENCE AND 
INDUSTRY 
(Concluded from page 66) 

a sample of rubber, for example, are illustrated in the 
series of photomicrographs of Fig. 6. Changes taking place 
as a function of temperature are illustrated by the two 
photomicrographs of gutta-percha in Fig. 7. 

When, as in the technique just described, it is possible 
to study microscopic changes in substances occasioned by 
changes in time, temperature, and other physical quan- 


GR 


tities, and when it is further possible to correlate observ. | 
able changes with knowledge of the chemical composition | 













Fig. 7. Tempera- 
ture effects on 
gutta-percha are 
illustrated by these 
photomicrographs 
made at 25 degrees 
C. (left) and at 
65 degrees C. 
(below). 


of the substance under investigation, it is logical to an- 
ticipate important advances from such research methods. 
Our anticipations find ready confirmation in recent 
studies. For example it has been possible to prove con- 
clusively that elasticity is due to a well-balanced distribu- 
tion of different molecular weight fractions of the same 
compound, or to the mixture of two compounds, one of 
which acts as a solvating agent for the other. Based on 
these findings, the successful synthesis of useful elastic 
compounds has already been accomplished. Such results, 
however, are to be regarded merely as the beginning of an 
entirely new field of colloid research. 
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SAFELY THROUGH ROUGH WATERS 
(Concluded from page 38) 





with a tremendous problem of navigating safely throug) 
the rough waters that have followed the storm. What yw 
must all hope and pray and strive for is that we may 
navigate safely until, with time, the sailing has again 
become smooth, and we must all hope, pray and strive to! 
prevent the outbreak of still another storm. 

I think that the most important lesson which we cay 
gain from this analogy is that the victory was not won| 
with the advent of V-E Day and V-J Day, and that we! 
cannot relax in our efforts, or relax our vigilance, or cease | 
our sacrifices just because the wind has stopped blowing. 
We still have to navigate the waves, and to do so success. 
fully will require the same patriotic zeal, sustained effort, 
and willingness to make personal sacrifices which enabled 
us successfully to ride through the storm of the war itself, 

As you now go your various ways from the Institute 
and into the wide variety of careers before you, may you 
do so with faith and enthusiasm. There is no time like an 
emergency to create opportunities for a good man. You 
are actually and potentially good men, for you are a se 
lected group who have had an unusual educational op- 
portunity and have come through it successfully. If, 
added to your native ability and your educational 
training, you have faith and enthusiasm, and a sustained 
ambition to play a constructive role in these critical 
times, in whatever line of activity you may pursue, you 
will perform a much needed service in our postwar society | 
and will win for yourselves success and satisfaction. 

So, on behalf of the Faculty and the Corporation, I bid 
you Godspeed. If I may be permitted to speak on behalf 
of our Alumni Association, I welcome you to it. I assure 
you that the Institute and all connected with it will con- 
tinue their desire to be helpful. Take advantage of this 
help by maintaining in various ways your contacts with 
M.I1.T. and with your associates in class and Faculty. 
We shall follow your careers with interest and, I trust, 
with pride. 











FAR EASTERN MANAGER 


One year in India. One and one-half years in China. Pres- 
ently on active duty (Lt. Col., U S. Army) in Tokyo. Excel- 
lent personal connections, official and private (American 
and Foreign) in Bombay, Calcutta, Hongkong, Shanghai, 
Tientsin, Tsingtao, Kunming, and Pekin. Well acquainted 
with official procedures. Broad administrative experience 
initiating new organizations, personnel, operations, supply, 
etc. Available to represent important interests. MLT. 
graduate, 1928, single, age 40. 


Write Box D, The Technology Review 
M.I.T., Cambridge 39, Mass. 














PREPARATORY SCHOOLS FOR BOYS 








Franxun T. Kurt, Principal 


CHAUNCY HALL SCHOOL 
Founded 1828. The School that confines itself exclusively to the 
preparation of students for the Massachusetts Insticute of 
Technology. 





553 Boylston Street, Boston, Mass. 





320 Huntington Ave., Boston 


HUNTINGTON SCHOOL FOR BOYS 
Grades Nine to Twelve. 
Thorough preparation for entrance to M.1.T. 
and other technical schools. 
Regular and summer courses. 


Tel. Kenmore 1800 
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PROFESSIONAL CARDS 





JACKSON & MORELAND | 


Engineers and Consultants 


Design and Supervision of Construction 


Reports — Examinations — Appraisals 
Machine Design — Technical Publications 
BOSTON NEW YORK 


H. K. BARROWS, ‘95 


M. Am. Soc. C. E. 
CONSULTING HYDRAULIC ENGINEER 


Hydro-electric Developments — Water Supplies. Reports, Plans, 
Supervision. Advice, Appraisals | 


6 Beacon STREET r Boston, Mass. 


Eapiz, FREUND AND CAMPBELL 
ConsuLTING ENGINEERS 
500 Firrh AvENUE New York 18, N. Y. 
Plans and Specifications — Examinations and Reports 
Power, Heating, Ventilating, Electric, Plumbing, 
Sprinkler, as Elevator Installations, etc., 
in Buildings and Industrial Plants 
J. K. Campsett, M. I. T. ‘11 





STARKWEATHER ENGINEERING CO. | 


INCORPORATED 


Engineers and Contractors for Pumping Plants 
Boiler and Power Plants, Cooling Water 
and Heat Recovery Systems 
246 Walnut Street, Newtonville 
Wm. G. Starkweather, M.E. 
Cornell *92 


BIGelow 8042 
J. B. Starkweather, B.S. 
M.I.T. °21 


H. A. KULJIAN & CO. 
CONSULTANTS + ENGINEERS * CONSTRUCTORS 


Specialists in 
UTILITY, INDUSTRIAL and CHEMICAL FIELDS 


PHILADELPHIA, Pa. 


1518 Watnut STREET 
H. A. Kurjran ‘19 


FABRIC RESEARCH LABORATORIES 


INCORPORATED | 


Research, Development and Consultation 
for Textile and Allied Industries 





Boston, Mass. 
E. R. Kaswett, 39 


665 Boylston Street 


W. J. Hamauroer, ‘21 K. R. Fox, ‘40 





GILBERT ASSOCIATES, INC. 


ENGINEERS AND CONSULTANTS 


Malcolm G. Davis '25, Vice President Allen W. Reid °12 E. C. Edgar "35 


Steam, Hydro, Diesel Power Plants; Industrial Structures; 
Plant Safety, Labor Relations, Utility Rates, Valuations, 
Reports; Large Scale Purchasing; Industrial Laboratory 


Washington, D. C. 





New York, N. Y. 
Reading, Pa. 


Philadelphia, Pa. 


FAY, SPOFFORD & THORNDIKE 
Engineers 


Airports — Bridges — Water Supply and Sewerage 
Port and Terminal Works — Fire Prevention 





INVESTIGATIONS DBSIGNS 
SUPERVISION OF CONSTRUCTION 


Boston New Yorx 





WALLACE CLARK & COMPANY 


ConsuLTING MANAGEMENT ENGINEERS 
Since 1920 
Planning for Research and Development, Engineering, 
Production, Quality Control, Maintenance, Surveys, 
Industrial Relations, Sales, Management Audits. 


521 Firrn AvENug New Yorx 17, N. Y. 


MAURICE A. REIDY 
Consulting Engineer 


BRIDGES BUILDINGS 

STRUCTURAL DESIGNS FOUNDATIONS 

CONSTRUCTION CONSULTANT AND ARCHITECTURAL ENGINEER 
Estimates and Appraisals 

101 TREMONT STREET BOSTON, MASS. 


THE COSMA LABORATORIES CO. 
1545 East 18th Street Cleveland 14, Ohio 


Chemical Analysis — Testing — Consulting Engineering 
Testimony and Research ‘ 


R. W. Friscamutn, Case 38 
Assistant Director 


H. Seymour Cotton, M.I.T. '21 
Director 


Moran, Proctor, FREEMAN & MUESER 


CoNnsULTING ENGINEERS 
420 LexinGTton AveNUE New York 17, N. Y. 
Foundations for Buildings, Bridges and Dams; 
Tunnels, Bulkheads, Marine Structures, Soil Studies and Tests; 
Reports, Design and Supervision 
Pardo, Proctor, Freeman & Mueser 
Ingenieros Consultores 
Ap. Correos 614, Caracas, Venezuela 


Witiiam H. Muss,’ 
Georcs T. Grman,’ 
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PALMER RUSSELL CO. 
Realtors 


Real Estate Brokers Property Management 
Appraisals and Mortgages 


Broox.uine, Mass. 
William W. Russe}! ‘22 


1320 Beacon STREET 
Edgar P. Palmer ‘25 
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FRANK MASSA 


Electro-Acoustic Consultant 


3393 Dellwood Road 3868 Carnegie Avenuc 
CLEVELAND, OHIO 
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HEAVY DUTY ROAD WORK (Above) requires Condor 
¢ ; Duck Plied Water Hose. 
ee} 
JACKHAMMERS—Right: Condor Homo-Flex Air Hose, 
lighter, easier to handle on Jackhammers. Exceptionally 
resistant to ragged rock punishment, 


PILE DRIVING (Below) with Condor Pile Driver 
Hose on a bridge project. 


DAM EXCAVATION-Above: Draining low portion 
of a dam excavation, 300 G.P.M. against 90’ head. 
Manhattan Suction Hose stands up on big jobs. 


HARBOR WORK—left: 2” 6- NANTAHALA TUNNELt—Condor 
ply Condor Hydraulic Hose, 2’ Tunnel Air Hose and Homo- 
8-ply activating a clam shell Flex Air Drill and Water Hose 
bucket on a dredge. used in driving a 5-mile river-di- 

version tunnel in Nantahala, N.C, 


RAULROAD BRIDGE — Above: Drilling 30’ 
holes in concrete piers of old railroad 
bridge, job that calls for Condor heavy duck 
ply air hose on manifold feeds, and lighter, 
highly flexible Homo-Flex Hose on drills, 


On jobs like those pictured here, profit depends on the heavy demands of big projects. Each hose is built 





pushing up the schedules. You can't afford hose fail- 
ures when men and machinery must wait for replace- 
ments. Condor hose constructions are engineered for 


for a specific service ... You can rely on Manhattan’s 
54 years of engineering experience for hose that 
keeps you ahead of schedule. 


Bulletin 8688 shows many other case history photos of Manhattan hose, conveyor belts, transmission belts 
and V-belts in action on history-making construction jobs. Your copy will be sent with no obligation. 
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PASSA NEW 








This 50-to-1 worm drive, equipped with a 342 
inch dial, is used for the fine setting adjustment 
Backlash in the drive is kept very low by cutting the 
worm and its shaft from an integral steel shafting, 
eliminating eccentricity due to setscrews and misfit. 


Two small, waxed steotite bars insulate the 
stator plates. A Figure of Merit (RwC*) of 0.05 x 
10~—"? is secured. Connection to the rotor is made by 
spring-tempered silver alloy brushes bearing on a 
silver-overlay brass disc. 


The worm shoft is held to a tolerance of 0.0004 
inch; radial eccentricity of the worm gear is less 
than 0.002 inch. The main rotor shaft is held to a 
tolerance of 0.0005 inch and its bearing surfaces 
to 0.0002 inch. Ball bearings are used on worm 
and main rotor shofts. 
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from this PRECISION CONDENSER 


ong used as the standard of variable capacitance thoughout 
L the measurements industry, the G-R Type 722 Precision 
Condenser has recently had its guaranteed accuracy increased. 


All models of the Type 722 condenser are now supplied 
with a correction chart on the front panel. The Type 722-N 
Precision Condenser (illustrated) is direct-reading to +1 
uuf. When the charted corrections are applied to the direct- 
reading settings the accuracy is increased to +0.1% or +0.4 
uuf, whichever is greater, and correspondingly the accuracy 
for capacitance differences is +0.1% or +0.5 uxf. 


SPECIFICATIONS 
@ CAPACITANCE RANGE: 100 to 1100 uuf, direct reading 


@ STANDARD CALIBRATION: Direct reading in uuf at Ike to +1 uuf. Mounted 
correction chart gives corrections to 0.1 yuf at multiples of 100 uuf 


@ WORM CORRECTION CALIBRATION: For very precise measurements a worm 
correction can be supplied. When worm corrections are applied capacitance can 


be determined within +1 uuf or +0.1°%, whichever is greater, and capaci- 
tance differences to +0.2 uuf or +0.1% 


@ METALLIC RESISTANCE: Series resistance about 0.008 ohm at 1 Mc 
@ SERIES INDUCTANCE: Approximately 0.024 uh 


@ TEMPERATURE COEFFICIENT: Approximately +0.002°, per deg. C. for 
small changes 


TYPE 722-N PRECISION CONDENSER. . $160.00 
Worm Correction Calibration 


ORDER NOW — A few in stock. 





ADIO COMPANY 


Cambridge 39, Massachusetts 


Chicago 


Los Angeles 
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